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INTRODUCTION

Over the past few years, considerable progress has been accomplished in the elucidation
and characterization of genes whose mutation predisposes individuals to risk of developing familial
breast cancer. These genes include the recently cloned BRCA1, BRCA2, PTEN and TP53 in the
case of Li-Fraumeni syndrome. However, while these genes have been shown to be frequently
affected in inheritable forms of breast cancer, there is yet no conclusive evidence to suggest that
these genes are also responsible for sporadic breast cancer which accounts for approximately 90-
95% of the total breast cancer incidence (reviewed in 1).

Activation of oncogenes (e.g. c-myc, Cyclin DI, ERBB2) , alterations in growth factor
pathways (e.g. TGF alpha, EGF, IGF and their receptors), inactivation of tumor suppressor genes
(e.g. p53, Rb) and chromosomal instability are all commonly found in breast cancers. Although
abundant information is available on the mentioned genomic abnormalities in sporadic breast cancer,
to date no clear model of the critical events or delineation of primary abnormalities has emerged.
Additionally, it is unclear which, if any, of those somatic mutations are causative of breast
tumorigenesis. More likely the vast majority of genomic abnormalities described are consequence
of tumor progression.

Ductal carcinoma in situ (DCIS) of the breast is known as a preinvasive stage of breast
cancer and is probably the precursor of infiltrating breast cancer (2). Genetic alterations shown at
this stage might indicate association with early events in malignancy or invasiveness. Loss of
heterozigosity (LOH) at specific chromosomal loci has been considered as part of the indirect
evidence for postulating the existence of possible tumor suppressor genes within those specific
chromosome regions. It is known that several mechanisms can lead to the loss of alleles in tumors
such as chromosomal deletions, monosomies, mitotic recombination, and unbalanced translocation.
Hypothetically, the remaining allele of the tumor suppressor gene in question could be rendered
inactive due to events at the gene level such as specific point mutations or other types of inactivating
mutations. Usually, LOH at specific chromosome regions affects not only the putative tumor
suppressor gene but also neighboring genes or genetic markers that are used as indicators to track
down the minimum area of LOH.

Our original hypothesis was that a high level of chromosomal instability already exists at
preinvasive stages of breast cancer development. To this end the studies described in the original
application focused on early stages of breast cancer development in order to identify the earliest
detectable allelic abnormalities correlating with the histological grading and subtype of the lesions.
The ultimate goal was to better understand the breast carcinogenesis process and to eventually
identify tools of potential diagnostic or prognostic significance.

BODY

Methodology development, DCIS and replication error phenotype studies

The best obvious source of material for the identification of the various stages of breast
cancer progression is available from paraffin-embedded tissues used in routine diagnostic procedures.
A first phase of this project consisted in the optimization of a comprehensive technical approach for
allowing a multiparametric analysis of human breast cancer lesions from paraffin-embedded tissue

5



C. Marcelo Aldaz, M.D. DAMD17-94-J-4078

sections. Thus, numerous chromosomal loci can be analyzed from single tissue sections by means
of microsatellite length polymorphism analysis. DNA samples from normal and breast cancerous
tissue can be obtained from the same section by means of microdissection. This allows to correlate
the allelotype of specific lesions with other markers of prognostic and diagnostic significance. The
development of such technical approach was reported in a first publication (3), see attached).

As indicated in the introduction is spite of the abundance of data the relevance, role and
timing of most of the genetic abnormalities observed in sporadic breast cancer are still unclear.
While there is overwhelming evidence that losses of genetic material occur, inherent difficulties
exist in determining the relevance of such losses to breast tumorigenesis. In most cases, the tumors
analyzed were of the invasive type and/or advanced stages of progression, leading to the question
whether these losses are causative factors of tumorigenesis or consequences of the general genomic
instability inherent to tumors. Further, it is possible that certain losses may be selected for in the
progression or clonal evolution of a tumor to a more advanced type but not necessary for the genesis
of the tumor. We hypothesized that some of these questions could be addressed in part through
comparative allelotyping of both noninvasive and invasive tumors.

To address the relative timing and frequency of allelic losses of commonly affected regions
in breast cancer, microsatellite length polymorphism analysis was performed in a series of preinvasive
ductal carcinomas (DCIS) and invasive ductal and lobular carcinomas (4, see attached). Twenty
different chromosomal loci were examined in each group. As expected, frequencies of regional
losses in invasive ductal carcinomas were similar to those reported by other author (reviewed in 1).
However, allelotyping of DCIS samples revealed that chromosomal regions 3p, 3q, 6p, lp, 16p,
18p, 18q, and 22q were not affected by a high frequency of loss, while analyses of these same
regions of invasive tumors showed them to be affected in 10-40% of cases (4). Our findings are in
agreement with those of Radford et. al. who examined 61 DCIS samples (5). Because allelic losses
affecting these regions were not frequently observed at the noninvasive (DCIS) stage it can be
concluded that alterations of these regions are late events in breast cancer progression. More
importantly, allelic imbalances observed on chromosome arms 7p, 7q, 16q, 17p, and 17q (4), appear
to be early abnormalities because they were observed frequently in DCIS samples.

Lobular carcinomas constitute approximately 10-15% of all breast cancers (2). Histologically,
lobular carcinomas have a very distinctive infiltrative growth pattern and metastatic pattern (2). In
addition, patients with invasive lobular carcinoma have been reported to have a higher risk of
developing multifocal and contralateral breast cancer than those patients with invasive ductal
carcinoma (6). To determine whether ductal and lobular carcinomas are subject to the same pattern
of allelic loss, comparative allelotyping of the two subtypes was also conducted in our laboratory.
Losses of chromosome arms lp, 3q, 1 lq, and 18q were more prevalent for invasive ductal carcinoma
than for invasive lobular carcinoma (4). However, 8p losses or imbalances were observed in 36%
of invasive lobular tumors but only 14% of invasive ductal carcinomas. Interestingly, microsatellite
instability was observed in almost 40% of lobular carcinomas, but only 13% of ductal carcinomas
(4). This phenomenon of microsatellite instability, also known as RER+ phenotype, is identified
by allele size differences between tumor and matching normal controls. First described as a
characteristic of tumors from patients carrying an autosomal dominant predisposition to tumors of
the colon and endometrium, microsatellite instability has been linked to defects in a group of human
mismatch repair genes: hMSH2, hMLH1, hPMS1, and hPMS2 (7-9). Resultant errors in DNA
repair are believed to be the cause of the observed genomic instability phenomenon. These data
suggest that invasive lobular carcinomas may arise by a mechanism of carcinogenesis different
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from that of ductal breast carcinomas and appear to constitute a distinct pathologic entity.
We attempted to extend those earlier observations (4) by analyzing a set of RER+ breast

cancer samples for mutations in the DNA mismatch repair gene hMSH2, which as earlier indicated
is the most commonly mutated gene in HNPCC kindred.

To this end paraffin embedded tissue sections were obtained from a set of nine breast cancer
samples positive for microsatellite instability at multiple loci (more than 5 independent loci).
Matching normal control tissues were also obtained from each patient.

Oligonucleotide primers (flanking and nested) for analysis of the 16 HMSH2 exons were
synthesized according to the method described by Kolodner et al. (10).
PCR conditions and cycle sequencing were performed according to the same authors (10).

The sequence analysis of the 16 exons of the hMSH2 gene did not show evidence for germinal
or somatic mutations. The hMSH2 sequence obtained in all nine RER+ breast cancer cases was
normal. (Bednarek A. and Aldaz C. M., unpublished observations).

From this study we concluded that the phenomenon of microsatellite instability observed in
a relative small percentage of the sporadic breast cancer cases studied appears to be independent of
mutations in the prototypic and most frequently mutated DNA mismatch repair gene hMSH2. Our
results are comparable to studies in RER+ sporadic colon cancer cases. Although other DNA
mismatch repair genes have not been analyzed these data suggests microsatellite instability in sporadic
breast cancer may be the result of a different mechanism and genes to that described in the HNPCC
syndrome.

Chromosome 16 studies

As we earlier mentioned we observed that allelic imbalances and losses affecting chromosome
arms 7p, 16q, 17p and 17q appear to be early abnormalities since they were observed in a significant
number of DCIS lesions (4).

Due to the paucity of information and the high incidence of allelic losses affecting the long
arm of chromosome 16 we decided that it was very important to redirect our efforts and focus in a
more in-dept study on the identification of the putative genetic targets for the observed abnormalities.
Loss of heterozygosity on chromosome 16q has already been previously reported in breast and
prostate cancer with high frequency, indicating the existence of a putative tumor suppressor gene(s)
locates in this chromosome arm. We observed that the most commonly affected area spanned the
region from marker D16S515 to marker D16S504. Within this region the most affected locus was at
D16S518, in which LOH was observed in 20 of 26 informative cases (77%). We have estimated
that the area of interest lies in subregion q23.3-q24.1. The region of highest LOH spanned
approximately 2 Mb, as determined by a yeast artificial chromosome contig covering this region,
reported in Chen et al. (11, see attached). Such a high frequency of LOH at a preinvasive stage of
breast cancer suggests that a candidate tumor suppressor gene or genes at this location may play an
important role in breast carcinogenesis.

To extend these studies we performed a chromosome 16 high resolution allelotype of a panel
of human breast cancer lines in order to identify areas of hemizygosity and homozygous loss (Figure
1). As a natural and important extension of these studies we have built a contig of yeast artificial
chromosome (YAC) and bacterial artificial chromosome (BAC) clones spanning the chromosome
16q region in which frequent allelic losses were detected.

In agreement with our previous findings, most breast cancer lines showed evidence of
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hemizygosity affecting all or almost all the chromosome 16q arm. One breast cancer line showed a
homozygous loss affecting markers from this area, indicating that a likely target gene for inactivation
may reside within this region.

To extend mapping of this deleted area we built a series of new STS markers according to
DNA sequences obtained from ends of BAC clones. Using a high density STS map we determined
that the specific deletion is approximately 300 kb in size (Figure 2).

In studies in progress we have isolated numerous cDNA clones from a human breast epithelial
library that match to this region.

In summary, we have constructed a comprehensive physical map of the region of interest,
and we developed the critical resources for the positional cloning of the putative breast cancer
suppressor gene.

Results

The ultimate goal of the ongoing studies is the identification and isolation of genes from
chromosome 16 that can play a relevant role early in breast carcinogenesis.

We first defined a relatively small region of homozygous loss (Figure 2) located in area between
markers D16S515 and D16S504., that may contain this gene.

We proposed to use standard positional cloning strategies to identify and clone this putative
breast cancer suppressor gene.

We characterized a panel of 23 breast cancer cell lines using STS markers as reported in
Chen et al. (11). We utilized highly polymorphic markers with high heterozygosity scores (- 0.70
or more). Given the high polymorphism of the loci investigated, the presence of large areas with
lack of heterozygosity in various markers, very likely represent hemizygosity as a consequence of
allelic loss. As can be observed in Figure 1, numerous breast cancer lines showed evidence of
hemizygosity affecting all or almost all of the chromosome 16q arm. These results were reported
(AACR Bednarek and Aldaz). These results are in strong agreement with our previous findings in
preinvasive and invasive breast cancer (4, 11). In order to isolate the putative breast cancer suppressor
gene residing in the area of interest we built a contig of YAC and BAC clones spanning the target
region. Interestingly, we have identified one breast cancer line which showed homozygous losses
affecting markers in this region (Figure 2). This indicates that the target gene is very likely contained
within this region. Using new STS markers generated from BAC insert ends DNA sequences, we
estimated that the homozygously deleted region is approximately 300 kb in length.

In order to better characterize the region of interest, we performed shotgun sequencing of
BACs DNA spanning this region. To this end random subclones for sequencing were prepared by
DNAseI digestion of the DNA from BACs; 112B 17, 249B4, 286F3 and 36022 (Research Genetics,
Inc. CITB-HSP-C library) and fragments of the length approximately lkbp were cloned into pZERO 1
vector (Invitrogen).

We have sequenced so far a total of 382,765 base pairs and the largest contig length is of
96,371 bp, submitted to GeneBank nr division (NCBI, http://www.ncbi.nlm.nih.gov) and published
under accession number AF179633 (see attached)

In order to isolate cDNAs encoded in this region we are also utilizing a solution hybrid capture
method. We have isolated and characterized numerous clones from a human breast cDNA library
mapping to two of the BAC clones (249B4 and 286F3) spanning the area of interest. Once the
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clones were obtained after sequencing we confirmed mapping by PCR and by hybridization to the
BACs DNA. We have isolated 35 cDNAs, 18 new and 17 identified to have high homology to
previously known ESTs (est division of GeneBank at NCBI).

Additionally, we are also analyzing, using the BLAST algorithm, the genomic DNA sequenced
(382,765 bp) from the area spanning the of homozygous deletion. We have identified additional 32
EST clusters. Using the GRAIL-1.3 algorithm (ORNL, http://compbio.oml.gov), we also performed
analysis on the longest contig 96,371 bp to search for putative protein coding regions, CpG islands,
RNA polymerase II promoter sites and polyadenylation signal sites. We predicted 32 exons with
excellent score and we have been successful to clone cDNAs for six of them.

In summary we analyzed a total of 72 different putative mRNAs mapped to BACs 112B 17,
249B4, 286F3 and 36022. Most of the analyzed cDNAs showed no good open reading frames,
ORF and no exon-intron structure when aligned to genomic DNA.

Nevertheless, we identified one cDNA which had exon intron structure. This was determined
from partial sequencing of a cDNA clone isolated by the hybrid capture hybridization method and
additionally from BLAST identification of one EST (A1219858) which was found to form two
putative exons on the genomic DNA sequence (BAC 1 12B 17).

Using primers derived from this partial sequence we isolated the whole length cDNA from a
human placenta library (RapidScreen cDNA library, OriGene). Additionally, we used 3', 5' RACE
on Marathon Ready cDNA library from human mammary gland (Clontech). Both strategies identified
the same sequence of this putative gene. The longest clone isolated had a length of 2250bp plus
polyA with a 1242bp long open reading frame. Upon further analysis of the existing databases we
identified a previously reported partial cDNA sequence of this same gene, 1475 bp long spanning
part of the 3' end, this gene has been tentatively defined as a putative oxidoreductase (HHCMA56).
Further analysis of EST division of GeneBank returned 30 ESTs with homology to our cDNA
clone.

We determined that the identified ORF encodes for a protein 414 aminoacids in length. We
used Pfam analysis (http://pfam.wustl.edu/hmmsearch.shtml) to search for homology with known
protein domains. We observed high homology to two domains; WW domain and short chain
dehydrogenase domain. Thus we called this novel protein WWOXID (Figure 3).

The two WW domains are localized on the amino end of WWOXID and the short chain
dehydrogenase motif in the central portion of the protein sequence (Figure 3).

Expression and mutation analysis

In order to study expression of this novel gene we performed Northern and RT-PCR analyses
on normal human epithelial cells and a panel of breast cancer lines and breast tumors. We used as a
probe 1554 bp long EcoRI restriction fragment of clone OR12 covering 5'UTR and ammoniated
coding region and polyA RNA as a target. The length of mRNA according to hybridization was
calculated as about 2.2 kbp and correspond with length of the longest cDNA clone. Based on RT-
PCR and genomic sequence analyses of the area of interest we also concluded that alternative
transcripts may also exist.
As shown in Figure 4, we detected a major transcript of approximately 2.2kbp, only visible (i.e.
overexpressed) in some of the breast cancer lines.

We observed much higher expression, compared to normal RNA, of WWOXID in four
cancer cell lines, namely; MCF-7, ZR75- 1, SKBR3, and UACC812. Hybridization to another breast
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cancer cell lines, T47D, MDA-MB453, was slightly higher than to control RNA and to MDA-
MB 157, MDA-MB435 was on the same level as hybridization to control RNA.

To search for mutations and to map WWOXID on the genomic DNA context we performed
identification of exon-intron junctions Figure 5. So far we identified five exons from the 5' end of
gene plus we defined the 3' UTR. The physical map of the central region of WWOXID cDNA is
currently being further characterized (Figure 5).

We also used a panel of 28 human breast cancer cell lines to search for mutation at the DNA
sequence level of WWOXID. So far we have found no evidence of mutations in the first five exons
and splicing sites studied from all the cell lines.

The in progress physical mapping of exons and 3'UTR on the genomic sequence show that
WWOXID gene spans very likely more than 500 kbp.

Putative function of WWOXID

It is quite difficult to predict the putative role of this protein in the cell but appears to have
several interesting features which make it an attractive target for potential abnormalities. The WW
domains are known to bind to proline-rich sequences and are usually responsible for protein-protein
interactions (12). WW domains were observed in structural, cytoskeletal proteins as well as in
enzymes. Some proteins containing WW domain are well characterized. One of them, dystrophin,
is found to be responsible, when mutated, for Duchenne muscular dystrophy. Mouse NEDD-4,
contains 3 WW motifs, and its role is of a ubiquitin ligase which plays a central role in embryonic
development and differentiation of the central nervous system. Another example is the PIN 1 protein
which is a prolylisomerase involved in cell cycle regulation.

The short chain dehydrogenase domain is a common and very conserved domain found in
different oxidoreductase proteins from plants, animals as well as from bacteria. Examples of
oxidoreductases include retinol and steroid dehydrogenases which are enzymes participating in the
metabolic processing of hormones important for cell function, cell cycle and differentiation.

On Going Studies

Chromosome 16 studies

We will continue the characterization of the area of interest of chromosome 16. This will
include further studies on the potential role of WWOXID in breast cancer as well as the cloning and
characterization of additional target genes of interest that might be identified within this chromosome
16 region.

DCIS studies biomarkers of progression

In collaboration with various investigators from the M.D.Anderson Cancer Center we are
pursuing a multiparameter characterization of DCIS. Among the molecular/genetic biomarkers
associated with progression of DCIS to invasive breast cancer, we are analyzing the incidence of
allelic losses of various of the loci which we determine relevant in our first studies. To this end we
are performing a retrospective case-control study of ductal carcinoma in situ with invasive cancer
compared with DCIS cases-alone (i.e. with no invasive component).
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A)

1 18 4759 88 125 330 414

short chain dehydrogenase

B)
WWh~rsp5_SVWP: domain 1 of 2, from 18 to 47: score 40.9, E = le-09

* ->lpsqWeeatdpsGrpiYYvNheTkttqWekP<- *
lp+gWee+t+++.G + YY Nh ++tqWe+P

query 18 LPPGWEERTTKDGWV-YYANI-TEEKTQWEHP 47

WW~rsp5JJWP: domain 2 of 2, from 59 to 88: score 38.6, E = 4.4e-09
*->lpsgWeeatdpsGrpiyyvNheTkttqWekpc *

ip gWe+ td++G++ ++v+h++k t++ £P
query 59 LPYGWEQETDENGQV-FFVDHTNKRTTYLDP 88

adh-short: domain 1 of 1, from 125 to 330: score 89.6, E = 1.8e-24
* ->KvaLvTGassGlGlaiAkrLakeGakVvvadrneeklekGavakelk

Kv++vTGa sGIG+++.Ak +a Ga+V++a+rn ... .......
query 125 KVVVVTGANSGIGFETAKSFALHGAHVTLACENNARA--SEAVSRIL 169

elGqndkdralaiqlDvtdeesv. aaveqaverlGrlDvLVNNAGgiill
e+ k +++ a++1D++ 5\7+ ++e+ +++ +1+vLV+NA

query 170 EEWH--KAKVEAMTLDLALLRSVqHFAEAFKAKNVPLHVLVCNAA -------212

rpgpfaelsrtmeedwdrvidvNltgvflltravlplmamkkrggGrIlvN
++ +1+ ++ + +++vN +g f+1++++ + + ++ r+++

query 213 TFALPWSLT --- KDGLETTFQVNHLGHFYLVQLLQD--VLCRSAPARVIV 257

iSSvaGrke................ g.glvgvpggsaYsASKaAvigltrsL
+SS + r + +++ ++ + ++ + ++ ++++ aY+ SK i ++ L

query 258 VSSESI-RFTdindslgkldfsr1SpTKNDYWAMLAYNRSKLCNTLFSNEL 307

AlElaphgl~rVnavaP .GgvdTd<- *
+ 1 p+g++ nav+P+ +++ +

query 308 HRRLSPRGVTSNAVHPgNMNYSN 330

Figure 3 A) Positions of two WW domains and short chain dehydrogenase domain in WWOXID
protein. B) Homology of selected aminoacid sequence from WWOXID(query line) to consensus sequences
of WW domain and short chain dehydrogenase domain (top line). Capital letters in consensus line
represents conserved aminoacids.
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CC cc

2.2kbp . ..

Figure 4 Northern hybridization showing expression of WWOXID
in immortalized normal human mammary gland epithelial cells, HME-87
and in various breast cancer cell lines. Target used was poly A RNA; as probe
we used a fragment covering 5' UTR and aminoacid coding region.

D16S518 YAC933H2 D16S3213

YAC972D3 D16S516

ZZ, E2X j ý4---------------------------------------3UTR

Figure 5 High resolution physical map of chromosome 16q23.3-24.1 region of WWOXID gene. Length of specific BACs and position
BAC293D3 are unknown. Total length of chromosome fragment between markers D16S518 and D16S516 is approximately 2Mbp.
Contig of BACs 112B7, 249B4, 286F3 and 36022 according to obtained partial sequence is approximately 400kbp long.
El, E2, E3, E4, E5 and 3'UTR represent positions of known exons and 3' untranslated region of WWOXID in BAC clones.
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KEY RESEARCH ACCOMPLISHMENTS

1. Development of methodology for the analysis of allelic losses in parallel with multiple biomarkers
of interest from paraffin embedded microdissected breast premalignant lesions.

2. Identification of the earliest and most common allelic losses observed at preinvasive stages of
breast cancer development. (A typical hyperplasias and Ductal Carcinomas in situ).

3. Defining and comparing the allelotypic profile of invasive ductal carcinoma and invasive lobular
carcinomas.

4. Determining the occurrence of microsatellite instability in a low percentage of breast carcinomas
mostly of lobular type.

5. Determining that the occasionally observed microsatellite instability is not due to mutations in
the hMSH2 mismatch repair gene.

6. Performing a high resolution allelotype of chromosome 16 in DCIS lesions and atypical
hyperplasias.

7. Identifying and mapping a relatively small specific target area of chromosome 16 commonly lost
in breast cancer lines and DCIS lesions.

8. Constructing a YAC and BAC contig spanning the region of interest for positional cloning studies.

9. Sequencing more than 380,000 base pairs of the chromosome 16 area of interest.

10. Cloning of putative target genes from the area of interest such as WWOXID.
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CONCLUSIONS

We were able to demonstrate that chromosomal instability and allelic losses occur early
in breast carcinogenesis. We observed the occurrence of such anomalies in Atypical Ductal
Hyperplasias and Ductal Carcinoma in situ lesions. We defined which anomalies appear to be the
earliest and which appear to be the consequence of tumor progression.

Among the abnormalities observed we determined that allelic imbalances and losses affecting
the chromosome 16q arm constitute early abnormalities in breast carcinogenesis since we observed
them in a significant number of preinvasive lesions. We further defined that the most common
region of overlapping allelic losses spans the region 16q23.3 - q24.1, observed affected in 60 - 70%
of in situ breast lesions. Positional cloning strategies are currently being employed to clone the
target genes for such anomalies. We have defined approximately 300 kb of a homozygous deletion
within the region q23.3 - q24.1 of chromosome 16 in a breast cancer cell line. We have mapped to
this region a large number of previously reported ESTs. Several new cDNA clones were isolated
and mapped. We sequence d almost 400,000 DNA base pairs from the region of interest and
identified numerous putative exons. We identified and are currently characterizing a gene
(WWOXID) that maps to this region. The characterization of this gene as well as other potential
targets and determining their role in breast carcinogenesis could lead to development of biomarker
tools of diagnostic-prognostic significance.
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Abstract factors or are the consequence of the general genomic instability and
progression in breast tumors.

To better understand the timing for presentation of allelic losses in Most of the cytogenetic and molecular information on breast cancer

hu m an b reast carcinogen esis, w e com pared the allelotypic p rofi le of 23 in M os b e e ob tai n ed b an dly sis cu lardv anced atvasive carci n o m as can

situ ductal carcinomas with that of 29 invasive ductal carcinomas. We also has been obtained by analysis of advanced invasive carcinomas and

compared the allelotype of the invasive ductal breast carcinomas with that metastases. In addition, very few studies have discriminated between

of 23 invasive lobular breast carcinomas. These studies were performed by the different histological types of breast cancer. We therefore focused

means of microsatellite length polymorphisms from microdissected par- this study on relatively early stages of breast cancer progression by

affin sections. We observed that involvement of chromosome arms Ip, 3p, analyzing preinvasive lesions (DCIS3), as well as comparing the
3q, 6p, 16p, 18p, 18q, 22q, and possibly 6q and lip appear to be late events allelotype of the two major histological subtypes of invasive carcino-
in breast cancer progression because allelic losses or imbalances affecting mas (i.e., ductal and lobular).
these areas were observed with very low frequency at the in situ stage. On These studies were performed by means of microsatellite length
the other hand, allelic imbalances and losses affecting chromosome arms polymorphism analysis of paraffin-embedded tissue sections with
7p, 16q, 17p, and 17q appear to be early abnormalities because they were simple sequence repeat markers for the chromosome subregions most
observed in approximately 25-30% of ductal carcinoma in situ lesions.
Allelic losses and imbalances affecting the 8p arm were frequently ob- commonly affected in breast cancer.

served in invasive lobular breast carcinomas. It was also interesting that

microsatellite instability, also known as replication error (RER) pheno- Materials and Methods

type, was found to occur at a high frequency in invasive lobular breast

carcinomas because 9 of 23 (39%) were RER+, compared with 7 of 52 Paraffin blocks of breast tumors were randomly chosen from the archives of

(13.5%) RER+ of breast cancers with ductal differentiation (P = 0.012, the Department of Pathology of The University of Texas M. D. Anderson

X2 test). Our findings provide for the first time molecular evidence sug- Cancer Center. Five- to 8-jim-thick sections were cut from the blocks. The

gesting that invasive lobular breast carcinomas may arise by a different basic technical approach has been described previously (14). Briefly, normal

mechanism of carcinogenesis than ductal carcinomas, and tumor samples were obtained from different areas of the same section by

means of microdissection. After deparaffinization (three washes with xylene

Introduction for 30 min each), the samples were rehydrated in decreasing concentration of

alcohol. DNA was extracted by incubating each sample in 200 jil of Instagene

Numerous studies have focused on the role of chromosome abnor- chelex matrix solution (Bio-Rad, Hercules, CA) containing 60 jig of proteinase

malities and gene mutations in sporadic breast cancer, but to date no K in a shaking incubator at 37°C overnight. Then, the samples were boiled for

clear model of the critical events or delineation of primary abnormal- 10 min, vortexed, and centrifuged at about 7000 X g for 5 min. Centrifugation

ities has emerged. Various chromosomes or chromosome subregions produced 150 jxl of supernatant, of which 2-10 Al was used for PCR ampli-
fication, depending on the number of cells in the sample. Before PCR, the

have been observed to be affected by a high frequency of structural or forward primer was end labeled with T4 polynucleotide kinase (Promega

numerical abnormalities (1). At the molecular level, several somatic Biotech, Madison, WI) and 6000 Ci/mmol [y- 5 P]dATP (DuPont New Eog-

mutations have also been described (reviewed in Ref. 2). Amplifica- land Nuclear, Boston, MA). PCR was performed in a 20-ji1 reaction volume

tion or overexpression of several oncogenes, growth factors, and including 150 tiM each dNTP, 1 unit of Taq polymerase and 1>X Taq buffer

cyclins has been observed at various frequencies (2). Specific allelic (Promega), MgC12, 1 pmol of labeled primer, and 2.5 pmol of unlabeled

losses were also reported at various frequencies, at various chromo- forward and reverse primers. A "hot-start" procedure was used in which the

some regions, including lp34-35, 1q23-32, 3p21-25, 6q, 7q31, template and primers were heated in an initial denaturation step of 5 min at

11p15, 11q22-23, 13q14, 16q, 17pl3, 17q, 18q23-ter and 22q (3-12). 96°C, and cooled to 80'C when the remaining reaction constituents were

Several of these areas appear to be the sites of putative tumor sup- added, followed by 30-35 cycles at 94°C for 40 s, 55°C for 30 s, and a final

pressor genes. The tumor suppressor gene p53 is known to be mutated elongation step of 72°C for 5 min. The products were electrophoresed on 7%

in a high percentage of breast cancers (13). Despite this abundance of polyacrylamide sequencing gels at 90 W constant power for 2-3 h. The gels
were dried at 65-70'C for 1-2 h and exposed to X-ray film for 4 h to overnight.

data, the relevance, role, and timing of most of the described genetic For certain primer sets, the amplification conditions were further optimized by

abnormalities in sporadic breast cancer are still unclear. It is also not adjusting the MgCI2 concentration in the reaction buffer. The primers used

known whether specific mutations play relevant roles as causative (Research Genetics, Huntsville, AL) are described in Table 1.

The sample was considered to have partial loss of heterozygosity, or allelic
Received 6/9/95; accepted 8/4/95. imbalance, if the signal intensity of one allele was diminished by approxi-
The costs of publication of this article were defrayed in part by the payment of page mately one-half or more of its normal intensity (i.e., in normal tissue) in

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact. relation to the remaining allele. Complete loss of heterozygosity was defined

' This work was supported by United States Army Breast Cancer Program Grant as a decrease of 90% or more in the signal intensity of one allele relative to the
DAMD 17-94-J-4078 (C. M. A.) and in part by NIH Grant R01 CA59967 (C. M. A.) and other.
a University Cancer Foundation matching supplement.

a To whom requests for reprints should be addressed, at University of Texas M. D.
Anderson Cancer Center, Department of Carcinogenesis, P.O. Box 389, Smithville, TX 3 The abbreviations used are: DCIS, ductal carcinoma in situ; RER+, replication error
78957. positive; IDCA, invasive ductal carcinoma; ILCA, invasive lobular carcinoma.
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Table 1 Frequenc ofallelic losses or imbahlaces in breast tumors by histology in breast cancer. However, as mentioned previously, some of the

No. of tumors affected/no, of informative loci (%) imbalances observed could be the consequence of overrepresentation

of chromosome 7p. Representative allelic losses and imbalances af-Marker Location DCIS 1DCA P value" 1LCA

D1S228 lp36-34 1/15(7) 6/19(32) 0.07 2/16(12) fecting the 16q marker D16S413 are shown in Fig. 2A. Loss of alleles

DIS213 lq31-32 3/20 (15) 7/23 (30) NS 4/18 (22) on 1 6q in invasive breast cancer has been reported by several groups
D3S1298 3p24.2-22 (1/19 (0) 5/23 (22) 0.03 4/17 (24) (12, 15-17). At least two different regions on 16q have been reported
D3S1309 3q2 1.3-25.2  0/11 (1) 4/16 (25) 0.07 1/13 (8) to be involved in allelic loss and to possibly contain tumor suppressor
D6S276 6p22.3-21.3 0/11 (0) 3/10 (30) 0.05 4/101(40)
D6S255 6q25.2 1/12 (8) 5/19 (26) NS 4/13 (31) genes (16, 17). Our findings also agree with those of previous cyto-
D7S481 7pter-p15 4/12 (33) 5/16 (31) NS 5/16 (31) genetic studies that also implicated 16q as a possible site for primary
D7S550 7q36-qtcr 3/15 (20) 3/14 (21) NS 1/13 (8) chromosomal rearrangements in breast cancer (18, 19).
D8S264 8p21-pter 1/15 (7) 2/14 (14) NS 5/14 (36)
D8S256 8q24.13-qtcr 2/12 (17) 1/8(13) NS 0 /9 (() To our knowledge, this is the first report of a thorough allelo-
HBB Ilpl5.4 0/12(0) 2/14(14) NS 3/12(25) typic analysis of DCIS lesions. Previous reports have focused on
INT2(FGF3) 11q13.3 2/17(12) 7/24(29) NS 2/16(13)
D13S155 13q14.3-21. 2  2/13 (15) 3/10 (30) NS 2 /8(25) the analysis of allelic losses on specific chromosome arms such as
D16S407 16p]3.13 0/15(0) 8/20(40) 0.005 7/16(44) 17p (20) and more recently llq (21). In agreement with the first of
D16S413 16q24.3 5/20 (25) 9/21 (43) NS 6/15 (40) those reports (20), we observed 17p losses at the DCIS stage (Ref.
D17S513 l7pi3 4/14 (29) 8/14 (57) NS 6/16(38)
D17S579 17q12-21.3 6/21 (29) 6/26(23) NS 9/16(25) 14, Fig. 1). On the other hand, wc did not find a high incidence of
D18S59 l8pter-pl 1.22 0/14(01) 3/13(23) 0.06 6/15(40) losses at the DCIS stage (Fig. 1) affecting the INT2 locus on I Iq,
D18S52 18q22.33 1/13 (8) 10/23 (44) 0.025 2/12 (17) as reported previously (21). This discrepancy probably is due to the

S2 2 0/14(0) 5/1 (36) 0.01 6/75 INSnotsignificantfact that the study of Zhuang et al. (21) was performed on micro-

dissected carcinoma it situ component of invasive tumors, whereas

our study was performed on pure DCIS tumors with no invasive

Results and Discussion components.
Because DCIS lesions are a heterogeneous group in which the

DCIS and IDCA Allelotypes. One goal of this study was to architectural pattern, nuclear grade, and presence of necrosis are
determine which of the chromosome areas most commonly affected thought to be prognostically important (22), the lesions we studied
by allelic losses or imbalances in breast cancer were involved in the were subclassified according to the presence or absence of necrosis
preinvasive stages of breast carcinogenesis. To that end we focused on and nuclear grade. They were classified by a nuclear grading system
the chromosome subregions reported to be affected in previous studies into two groups: high-grade and non-high-grade DCIS. High-grade
(2-12). We selected a panel of representative microsatellite markers applied to poorly differentiated tumors and non-high-grade to mod-
mapping to those specific areas (Table 1). It is important to note that erate-to-well differentiated lesions. We also established an index of
allelic losses and in particular allelic imbalances at specific loci do not allelic loss or imbalance for each tumor in which the number of allelic
necessarily imply the presence of a tumor suppressor gene in that area. losses or imbalances per tumor was divided by the number of inform-
Duplication of specific chromosome arms can also lead to an allelic ative loci per tumor. There was no association between the pres-
imbalance. We view microsatellite length polymorphism analysis as a ence or absence of necrosis and the allelic loss index. However, a
tool for measuring the general level of genomic instability at specific possible association was observed between allelic imbalance index
stages of tumor progression and also for identifying the chromosome
arms affected at specific stages of progression. We analyzed with this
approach a total of 75 breast cancer samples (23 DCISs, 29 IDCAs,
and 23 ILCAs) at 20 different loci. The results obtained from the
analysis of invasive ductal carcinomas validates the general approach -
because we observed similar frequencies of allelic losses to those 0ncIs
reported previously (Refs. 2-12; Table 1; Fig. 1). We compared the E- tDCA

incidence of allelic losses and imbalances in the DCISs and IDCAs to 4 -
determine which chromosomal areas are already altered at the carci- 50-

noma in situ stage and which abnormalities are later events in ductal • an

breast carcinogenesis. Seventeen of the 23 DCIS lesions (74%) had • an

loss or imbalance of at least one locus (i.e., only six of the tumors did 9 t-0-

not show any abnormality). The results are summarized in Fig. 1 and
Table 1. No allelic losses were observed in any DCIS tumor affecting CRtO Mp aq Mp 6E 7p 7q at Rq lip 11A taq t6p t65 t7p t7q 1ap 185 22q

CHROMOSOME ARMS

markers from chromosome arms 3p, 3q, 6p, lip, 16p, 18p, 22q, and 100- B
low frequency (5-15% of informative cases) for markers from arms g
Ip, lq, 6q, 8p, 8q, llq, 13q, and 18q. From Fig. I we can conclude 80-
that alterations in chromosome arms 1p, 3p, 3q, 6p, 16p, 18p, l8q, 2 n [0CA

22q, and possibly 6q and 11p appear to be late events in breast cancer 6 ao-

progression because allelic losses or imbalances affecting these areas 0-n
were not frequently observed at the DCIS stage. We can also conclude 40-
that allelic losses or imbalances affecting chromosome arms 16q, 17p, 0a 30-
and 17q appear to be early abnormalities because they were observed o 2a-
in approximately 25-30% of DCIS. It was interesting that we also 10-
observed a considerable incidence of allelic imbalance affecting 1p 1q 3p 3q 6P 6q 7p 7q 8p 8q 11p 11q 13q 16p 16q 17p 17q 18p 18q 22q

marker D7S481, which is on the short arm of chromosome 7, both in CHROMOSOME ARMS

DCIS and invasive breast carcinomas (Fig. 1 and Table 1). This Fig. 1. A, comparative allelotype of breast DCIS (n - 23) versus IDCAs (n = 29). B,

chromosome area was not reported previously to be frequently deleted comparative allclotype of IDCAs (n = 29) with that of ILCAs (n = 23).
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A D16S413

16 27 29 58 59 78
N T N T N T N T N T N T

B

65 39 54
Fig. 2. A, representative microsatellite length N T N T N T N T N T N T

polymorphism analysis of marker D16S4.3 of
paired normal (N) and breast tumor (T) samples
obtained from microdissected paraffin-embedded
tissue sections. Allelic loss or imbalance was fre-
quently observed affecting this microsatellite
marker. Samples 16, 27, 29, and 78 are from
IDCAs, and samples 58 and 59 are from DCIS
lesions. B, various representative breast cancer
samples with RER+ phenotype (microsateltite in-
stability). Note the abnormalities in allele size (ar-
rows) in samples from the same tumors at different
chromosome loci. Sample 65 is from a DCIS, sam- 

* IN:

ple 39 is from an IDCA and the rest of the samples
are from representative invasive lobular carcino-
mas. Marker D18S51, the only tetranucleotide re-
peat of the panel used, was frequently affected. D7S550 D1 8S51 D3S1298 D1 6S407 D1 S213 INT-2

81 50 75 83
N T N T N T N T NT

D7S481 D17S579 D18S51 D18S51 D18S51

and nuclear grade; lesions classified as non-high-grade (moderate histopathological studies that indicated that high nuclear grade
and well differentiated lesions) had overall the lowest indices, with appears to identify subsets of DCIS with worse prognosis (22).
a few exceptions. All six DCIS cases without allelic abnormalities ILCA Allelotype and Microsatellite Instability. We also com-
were classified as non-high nuclear grade. All the high-grade pared the allelotypic profiles of invasive ductal carcinomas with
DCISs (poorly differentiated tumors) had indices higher than 0.10 ILCAs. "Ductal" and "lobular" do not denote a different site of origin;
(i.e., they had loss or imbalance in at least 10% of the informative in fact, it has been shown that most of both types of tumors originate
markers analyzed). The mean allelic imbalance index for the high in the terminal duct lobular unit (23). However, there are distinct
nuclear grade DCIS tumors (n = 14) was 0.175 (-- 0.06) and for morphological differences between the two histological types. Ap-
the non-high grade lesions (n = 9) 0.095 (-- 0.12). Although this proximately 10-15% of all breast cancers are ILCA (23). Histologi-
putative correlation did not reach statistical significance, probably cally, lobular carcinomas have a distinctive infiltrative growth pattern
due to the sample size, it appears that there is a tendency for with characteristic cytological features (23). As recently reviewed by
association between high nuclear grade and higher frequency of Silverstein et al. (24), reports on the prognosis of ILCAs vary
allelic losses and imbalances. This is in agreement with previous considerably. Because characteristically these tumors show diffuse
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Table 2 Analysis of breast tuntors with microsatellite instabiliti by histology tissues. Yee et al. (33) reported microsatellite instability in 20% of

Histology RER+ tumors/total tumors breast cancers. In some other studies, however, a very low frequency
Ductal carcinoma in situ 3/23 (13 %) of microsatellite instability was detected in breast cancer (34, 35).
Invasive ductal carcinoma 4/29" (14%) These discrepancies may be due to the number of loci and the type of

7/52" (13%) simple sequence repeats assayed. For instance, it has been suggested
Invasive lobular carcinoma 9/23' (39%) that tetranucleotide repeats are more sensitive to RERs than are

a versus c; P = 0.036, X2 
test. b versus c; P = 0.012, X2 

test. dinucleotide repeats (36). Recently, Glebov et al. (37) observed that

individuals with a family history of breast cancer and with p53

growth pattern without a prominent mass, they are more difficult to mutations had a higher frequency of abnormalities of chromosome 17

detect and diagnose. It is interesting that patients with ILCAs were loci.

reported to have statistically significantly higher risk of subsequent In our study of unselected breast cancer cases and mostly dinucle-
development of contralateral breast carcinoma (24). It has also otide repeat markers, we observed the RER+ phenotype in 16 of the
been observed that the metastatic pattern of infiltrating lobular 75 breast cancer samples (21%). This figure is similar to that reported
carcinomas differs from that of invasive ductal carcinomas (25). In by Yee et al. (33). It was interesting, however, that when analyzed by
our comparative allelotyping of invasive ductal versus invasive histological subtype, only 13% (7 of 52 tumors) of ductal tumors
lobular carcinomas, we observed that allelic losses and imbalances (DCIS plus invasive ductal tumors) showed the RER+ phenotype, in
affecting chromosome arms 1p, 3q, 11q, and 18q were more contrast to 39% (9 of 23) of infiltrating lobular breast carcinomas
frequent in invasive ductal than in invasive lobular breast cancers (Table 2). This difference is statistically significant by x2 analysis
(Fig. 1). On the other hand, 8p losses or imbalances were observed (P = 0.012). Furthermore, if we exclusively compare invasive ductal
in 36% of invasive lobular tumors but in only 14% of invasive carcinomas with invasive lobular carcinomas, the difference is still
ductal tumors (Fig. 1). However, these differences between the two significant (P = 0.036). To address whether the observed microsat-
tumor types are not statistically significant at the 0.05 level, and a ellite instability could be simply the consequence of a more aggressive
larger sample is necessary to conclusively identify specific anom- tumor phenotype, we plotted the allelic loss index for the DCISs and
alies. the invasive ductal and lobular tumors, identifying those samples that

Nevertheless, in the course of the allelotyping studies we observed were RER+ (data not shown). We observed that the lobular breast
that numerous lobular tumor samples showed frequent abnormalities carcinomas do not appear to represent a more advanced tumor stage
in the allele size migration in polyacrylamide gels when compared because overall they had a similar level of allelic losses as the
with the matched normal controls (Fig. 2B). Abnormalities in size of invasive ductal tumors. In addition, some tumors with very few
simple sequence nucleotide repeats is a phenomenon described as losses (low indices) were already RER-, including three at the
microsatellite instability (26). This phenomenon has been described as DCIS stage.
a characteristic of tumors from patients carrying the autosomal dom-inan prdisosiionto tmor ofthecoln an enomeriu, kown Our data suggest that invasive lobular breast carcinomas appear toin an t p red isp o sitio n to tu m o rs o f th e co lo n an d en d o m etriu m , k n o w n a i e b e h n s f c r i o c e i i f r n r m t a f d c a
as hereditary nonpolyposis colon cancer (26). These studies led to the
identification of a group of human DNA mismatch repair genes as the breast carcinomas and may constitute a possible different pathological
cause of such general genomic instability phenomenon. Germline entity. These findings also support previous observations of different
mutations in either the Escherichia coli tutS homologue hiMSH2 or clinical behaviors of lobular breast tumors and ductal tumors (23-25).
the mutL homologues hMWHW, hPMSI, and hPMS2 have been found in As mentioned earlier, the diagnosis of lobular breast carcinoma has
different subsets of hereditary nonpolyposis colon cancer kindreds been associated with a higher risk for development of multifocal or
(27, 28). Microsatellite instability, also known as RER phenotype, has subsequent contralateral breast cancer (23, 24). The possibility exists
also been reported to occur at various frequencies in various sporadic that some patients that develop lobular breast tumors could harbor or
neoplasias other than colon cancer, such as cancers of the endome- develop mutations in any of the DNA mismatch repairs genes in the
trium (29), stomach (30), esophagus (31), bladder (32), and other mammary epithelium, thus producing a field defect and constituting a

Table 3 Breast cancer patients wiith microsatellite instability in their tuuors

No. of relatives with cancer

FDR" SDR
No. of Loci

Patient Affected Histology Age Other cancer' Breast Other Breast Other

66 1 Ductal 54 0 2 II 1
5 1 Ductal 43 0 I0 2 1

77 1 Ductal 63 Melanoma 0 1 0 2
8 1 Lobular 66 Breast 0 1 0 3

75 1 Lobular 46 0 0 0 0
65 2 Ductal 29 0 0 1 0
37 2 Ductal 66 2 0 1 0
80 3 Lobular 51 Breast, cervix 0 2 I 1
83 3 Lobular 63 0 1 0 2
24 >3 Ductal 49 0 1 1 4
39 >3 Ductal 52 0 0 1 1
50 >3 Lobular 71 Endometrium 0I 0 1 3
51 >3 Lobular 73 Breast. endometrium t I 0 1
53 >3 Lobular 69 Breast 1 1 0 I
54 >3 Lobular 76 0 2 01 0
81 >3 Lobular 52 1 0 1 2

" Other neoplasia in the same patient.b FDR, first-degree relatives (mother, father, siblings, childrcn); SDR, second-degree relatives (aunts, uncles, grandparents, grandchildren).
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Summary

We have optimized a technique that allows the study of numerous chromosomal loci (n = 20-50) from single
paraffin-embedded tissue sections by microsatellite length polymorphism analysis. DNA samples from nor-
mal and breast cancerous tissue can be obtained from the same section by means of microdissection. This
technique was further improved by subjecting DNA to several cycles of amplification with a degenerate (uni-
versal) primer and then with specific microsatellite primers. This amplified DNA was also used to screen for
mutations in the p53 gene by means of PCR-SSCP. In addition adjacent tissue sections were used to assess
specific chromosome copy number by interphase cytogenetic analyses (chromosome in situ hybridization)
and to analyze expression of specific genes such as p53 and ERBB2. As an example of the use of our approach
we performed a detailed chromosome 17 allelotypic analysis in 22 breast tumors (5 ductal carcinomas in situ,
13 invasive ductal carcinomas, and 4 invasive lobular carcinomas). We detected mutations in the p53 gene by
PCR-SSCP in 36% of the samples. Samples with significant levels of p53 protein accumulation detected by
immunohistochemistry were also positive for mobility shifts in the SSCP analysis. We observed that chromo-
some 17 allelic losses and imbalance occurred at as early a stage as ductal carcinoma in situ (DCIS). Although
in some cases we observed allelic losses or imbalance affecting the 17p13 region, close to the p53 locus, several
of the tumors showed dissociation between such loss or imbalance and p53 mutation. Lobular carcinomas
were predominantly disomic for chromosome 17 in contrast with ductal tumors, which often showed polysomy
for chromosome 17. This comprehensive approach correlating the tumor subtype, its allelotype, with specific
chromosome copy number and specific gene mutations and expression in preinvasive or early invasive breast
cancer lesions will potentially provide information of relevance for a better understanding of the multistep
mechanisms of breast carcinogenesis.

Introduction vance and role in sporadic breast cancer of most of
these abnormalities is still unclear [1-3]. It is very

Numerous somatic mutations affecting various important to determine whether some of these
genes and chromosome regions have been de- anomalies are cause or effect of tumor progression
scribed in human breast cancer. However, the rele- [2]. Thus, there is a need for studies addressing the
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sequentiality and timing of the various genomic ab- Materials and methods
normalities from the putative breast premalignant
lesions to the most aggressive malignant pheno- Microsatellite analysis
types. The best obvious source of material for the
identification of the various stages of progression is Five- to eight-micron-thick sections were cut from
available from paraffin-embedded tissues used in paraffin-embedded tissue blocks. Tissue microdis-
routine diagnostic procedures. section was done on paraffin-embedded sections by

In this report we describe the optimization of a drawing the silhouette of the area of interest on an
comprehensive technical approach for a multipara- H&E-stained slide and overlapping with the un-
metric analysis of human breast cancer lesions from stained specimen or by deparaffinizing first, stain-
paraffin-embedded tissue sections. By analyzing ing with toloudine blue, and then microdissecting.
preinvasive and early invasive breast cancer lesions, Normal and tumor samples can be obtained from
this approach allows determination of the timing of different areas of the same section or alternatively
presentation of several of the most common ge- samples for normal DNA can be obtained from ad-
nomic abnormalities. The techniques described ditional paraffin blocks from unaffected tissues
here allow the analysis of normal and pathological (e.g. lymph nodes). After deparaffinizing (3X xy-
template DNA from microscopic lesions. Our ap- lene/30 min), samples were rehydrated in decreas-
proach is based on the use of microsatellite chromo- ing alcohol gradients. DNA was extracted by incu-
some markers (simple sequence repeats or SSRs) bating in 200 jal Instagene chelex matrix solution
for tissue allelotyping [4]. SSRs became tools of (BioRad) containing 60 pg of proteinase K. Incuba-
common use in the analysis of genetic abnormali- tions were carried out in a shaking incubator at
ties in carcinogenesis [5, 6]. The frequent polymor- 370 C overnight. After proteinase K digestion, sam-
phism in their length among different individuals ples were boiled for 10 min. vortexed, and centri-
makes SSRs particularly valuable for the detection fuged at > 7,000 G for 5 minutes. After centrifuga-
of allelic losses or imbalance affecting specific chro- tion, 150 p.l of usable volume was produced: of this,
mosome areas. They also allow the identification of 2-10 V1 were used for PCR amplification, depend-
tumors that may be generated due to errors in DNA ing upon the cellularity of each sample. Prior to
mismatch repair and characterized by a general mi- PCR reactions, the forward primer was end labeled
crosatellite instability [7]. with T4 polynucleotide kinase (Promega) and

Interphase cytogenetics chromosomal in situ hy- 6,000 Ci/mmol [y- 32P] = dATP (NEN). PCR reac-
bridization, or CISH, is another recently developed tions were performed in a 20 jl reaction volume
technique being used extensively for the study of 150 pjM each dNTP, 1 u Taq polymerase, 1 X Taq
genomic abnormalities in solid tumors [8, 9]. This buffer (Promega), -2mM MgC12, 1 pmol labeled
technique can also be applied to paraffin-embed- primer and 2.5 pmol unlabeled forward and reverse
ded tissue sections [10-12]. CISH allows evaluation primers.
of the degree of intratumor clonal heterogeneity In a 'hot start' procedure template and primers
and eventually identification of tumor subpopula- were heated to 960 C and denatured for 5 min. The
tions on microscopic lesions [12]. The optimization remaining reaction constituents were added later at
of micromolecular techniques such as SSR analysis 80 0 C. The DNA was then subjected to 30-35 cycles
of chromosomal loci from paraffin-embedded sec- of 40 sec at 94' C and 30 sec at 55' C, and a final
tions, coupled with other techniques in current use elongation step of 5 min at 720 C. Products were
such as interphase cytogenetics and conventional electrophoresed on a 7% polyacrylamide sequenc-
immunohistochemistry, will allow valuable retro- ing gel at 90 w constant power for 2-4 hr. Gels were
spective studies of archival tissues to be done. dried at 65-70' C for 1-2 hr and exposed to X-ray

film from 4 hr to overnight. For certain primer sets,
the amplification conditions were further opti-
mized by titrating the MgCl, concentration in the
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reaction buffer. In some cases it may be necessary to taining 20 mM EDTA, 95 % formamide, 0.05 % bro-
use higher annealing temperatures (600 C or mophenol blue, and 0.05% xylene cyanol. Samples
650 C). Primers used were: D17S513 [13], D17S579 were heated at 950 C for 5 min, chilled on ice, and
[14], MPO [15], D17S784, D17S849 [16], and immediately loaded onto a 6% acrylamide/Tris-bo-
D17S520 (J. Weber, unpublished data). rate-EDTA gel containing 6% glycerol (volume/

An alternative approach was used to analyze ex- volume). Gels were run at 10 W (0.5 W/cm) for
tremely small lesions or to generate additional tem- 3-4 hr at room temperature. Autoradiography was
plate DNA. This approach was based on the use of a performed overnight at room temperature without

degenerate universal primer (DOP-PCR), as de- intensifying screens. Genomic DNAs from control
scribed by Telenius et al. [17]. To this end a 1-2 ýd samples containing known wild-type and mutant
sample from the original 150 ýtl template-contain- p53 alleles were processed in parallel in every assay.
ing solution was obtained. This sample was used as
template for one round of PCR amplification with
the universal degenerate primer 5'-CCGACTC- Chromosomal in situ hybridization
GAGNNNNNNATCTGG-3' [17]. The reaction
mixture contains a template DNA sample, 1.5 !.M The methodology for interphase cytogenetic analy-
universal primer, 200 ltM each dNTP, 2 mM MgCl2, sis has been previously described [12]. Briefly, sec-
50 mM KC1, 10 mM Tris-HC1, pH 8.4, 0.1 mg/ml ge- tions from breast tumor tissue were dewaxed in xy-
latin, and 2.5 U Taq polymerase in a 50 pl reaction lene, dehydrated in graded alcohol, baked at 80' C
volume. for 1 h, and treated with 0.4% pepsin (Sigma, St.

For this alternative approach, reaction mixtures Louis, MO) in 0.2 N HC1 for 30-55 min. Following
were subjected to one cycle of 4 min at 93' C; 8 cy- denaturation at 940 C for 4 min, hybridization was
cles of 1 min at 94' C, 1 min at 300 C, and 3 min at carried out overnight in 60% formamide, 2X SSC
72' C; 28 cycles of 1 min at 940 C, 1 min at 560 C, and containing 5% dextran sulphate, 1 mg/ml salmon
3 min at 72' C, and a final extension at 720 C for sperm DNA, and 0.8-1.0 ng/ýl probe. After hybrid-
10 min. The resulting PCR product was then used as ization, the slides were washed in 50% formamide
the template (1 11l) for a second PCR using either in 2X SSC (pH 7.0) at room temperature and then
the specific microsatellite primers as described washed in 0.1X SSC at 37' C. The hybridization sig-
above or the specific p53 exon primers for PCR- nal was detected by the immunoperoxidase tech-
SSCP analysis. nique using the Vectastain ABC kit (Vector) and

diaminobenzidine (DAB) as the chromogen sub-
strate, as previously described [12]. Signals were

PCR-SSCP analysis quantitated as previously described [19]. The num-
ber of signal spots on a minimum of 100 nuclei in a

PCR-SSCP analysis of exons 5-8 of the p53 gene given area was counted using previously described
was performed using a commercially available hu- criteria [19]. A minimum of five randomly chosen
man p53 amplimer panel (Clontech Lab. Inc.) [18]. areas were counted on each slide from each cell
Each PCR was done in a 20 pl volume containing block. The CI was calculated by dividing the total
3 pmol of each primer at a 1:3 labeled/unlabeled ra- number of signal spots by the number of nuclei
tio (both primers were previously end labeled with counted. In brief, the chromosome index (CI) was
y-32P), 300 jM dNTPs, 10 mM Tris-Cl, pH 8.3, calculated for defined histological regions by divid-
50 mM KC1, 1.5 mM MgCl2 , 0.01% (weight/volume) ing the total number of signal spots by the total
gelatin, and 1.0 U Taq DNA polymerase. Samples number of nuclei counted. For disomic cells, the CI
were overlaid with 25 p1 of mineral oil and then am- for any given chromosome in our experience is 1.0.
plified in 35 cycles of 1 min at 94 C, 1 min and 40 sec To account for minor technical differences in hy-
at 660 C, and 1 min at 720 C for extension. The reac- bridization efficiency from one experiment to the
tion mixture was then mixed 1:1 with a solution con- next and from one region to another, a CI of _> 1.20
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Fig. 1. Multiparameter analysis of breast cancer from paraffin sections to determine genotype phenotype correlations. A) DNA from

normal (N) and tumor (T) areas of paraffin-embedded sections is obtained with the aid of microdissection. Normal DNA can also be
obtained from a separate histological section of normal tissues from the same patient, e.g. unaffected lymph node. After microdissection

of the area of interest the material is collected, purified and digested. PCR is performed using primers flanking specific microsatellite
markers (SSRs). B) at right is shown the alternative protocol for extremely small samples using a few cycles of amplification with a
universal primer mixture [17]. This DNA can also be used to screen for mutations such as in p53. Adjacent sections are used for interphase
cytogenetics and immunohistochemistry.

was considered to represent polysomy and a CI of both mutant and wild-type p53 protein. Results
< 0.80 monosomy. were expressed as the approximate percentage of

When permitted by the size of the lesion, tumors positive cells in random microscopic fields of obser-
were also analyzed by routine DNA flow cytometry vation. ERBB2 expression was detected with a
to determine DNA index (DI). commercially available antibody (Oncogene Sci-

ence).

Imnmunohistochenfistry
Results and discussion

p53 protein accumulation was analyzed by the avi-
din-biotin-peroxidase complex method using the We have developed a technique to analyze multiple
D01 antibody (Oncogene Science), which detects chromosomal loci from single, microdissected, par-
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affin-embedded sections. This involves PCR-medi- D1 7S579 D17S579
ated analysis of microsatellite length polymor- N1 T1 M1 N1 T1 M1
phisms. Similar approaches were also recently de-
veloped by other laboratories [20]. We are now us-
ing the techniques described here to allelotype
small preinvasive and invasive breast cancer lesions
and then correlate the allelotypes with other tumor
markers as well as cytogenetic changes such as nu-
merical abnormalities of specific chromosomes
(Fig. 1). To overcome the potential problem of nor- A B
mal DNA contribution from stromal or inflamma-
tory cells, we microdissected areas of interest from
each tissue section. From 5-8 ýtm tissue sections, we
obtained enough template DNA to perform ap-
proximately 20-50 PCR reactions, which allowed
the analysis of as many different chromosomal loci 44M
(Fig. 1A). The number of reactions depends on the
size of the original sample, and certain primer sets
require higher levels of template DNA. Thus, this
general strategy was further improved by modify-
ing a previously described DOP-PCR technique 0 25 50 75 100 0 25 50 75 100
[17] to allow the analysis of even smaller samples C D
and the gathering of larger amounts of template Fig. 2. Comparison of both techniques as shown in Fig. 1. A) Di-

DNA. This facilitated the analysis of more chromo- rect analysis of the D17S579 marker in patient 1, with loss of the

somal loci as well as the screening of specific gene upper allele in the tumor (T1) and in the corresponding metasta-
sis (MI). At right B) is shown the analysis of the same D17S579
marker by the universal primer approach (Fig. 1B). As seen, the

sample (1-2 jtl) from the original template-DNA- loss of the upper allele of this marker in T1 and M1 is preserved

containing solution by this alternative approach and detected using the universal primer approach.

(Fig. IB). This sample was subjected to a few cycles Comparative analysis of mixtures of two alleles of D17S513 by

of PCR amplification with a universal degenerate using the direct method in C and the universal primer approach
in D. Two DNA samples homozygous for D17S513 were mixed a
various proportions prior to PCR, the percentage in the mixture

sulting amplified products were used as template of the sample with the smaller allele is shown at the bottom of

for amplification with the specific microsatellite each figure, see text for details.

flanking primers or the gene-specific primers (e.g.
p53 amplimer panel). Figure 2 compares both of the respectively). The two samples with similar DNA
methods described above. The allelic loss affecting concentrations were obtained from tissue sections
marker D17S579 (upper allele) could be detected were mixed at various proportions as indicated
equally well by the direct technique (Fig. 2A) and (Figs2C, D) and were subjected to amplification us-
the universal primer technique (Fig. 2B). This in- ing the direct approach (Fig. 2C). A 1 jLl sample of
dicates that the proportionality of the alleles is pre- the original mixtures was diluted in a 49 !tl reaction
served even after several cycles of whole genome volume for PCR amplification using the universal
amplification with a universal primer. This was fur- primer. Finally a 1 ýtl sample of this last reaction was
ther demonstrated by mixing at variable propor- used to amplify using the specific primer set for
tions two DNA samples, each homozygous for a dif- D17S513 (Fig. 2D). As can be observed both ap-
ferent allele of marker D17S513, and comparing the proaches yielded comparable results confirming
sensitivity of both techniques, the direct approach that the universal primer method can detect alter-
and the universal primer method (Figs 2C and D, ations in the proportionality of the different alleles.
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MPO D17S513
N4 T4 N5 T5 Nil T1l N20 T20

A B
MPO

N12 T12 N13 T13 N15 T15 N16 T16 N18T18 N19 T19 N20 T20 N24 T24

C

Fig. 3. Representative autoradiographs of multiple normal (N) and breast tumor (T) samples obtained from paraffin-embeddced tissues
demonstrating the analysis of chromosome 17 loci. In panels A and B note LOH in samples T5. T11. and T20. In panel C, note the
generation of a novel allele (arrow) in the tumor T24: we observed the same phenomenon with other markers in this patient (microsatel-
lite instability). PCR-amplificd microsatellites with one primer end labeled were separated on a 79% polyacrylamide sequencing gel.

Figure 3 shows a representative analysis of mul-
CH. 17 DCIS IDC ILC tiple loci from the q and p arms of human chromo-

7 11121319 1 2 3 4 5 1016182526272829 8 9 1520

-IoSM1 o00! -0-0-00- 0o oo- some 17 in various invasive and in situt breast carci-
TP631 '7•13 III I I nomas by the direct technique. Figure 4 shows the

12 117S-20.---0 -0- -- 0.0-0o-0 000 results of our detailed chromosome 17 analysis of22

11.2 breast tumors (5 ductal carcinomas in situ, 13 inva-
.... sive ductal carcinomas, and 4 invasive lobular carci-
112

.. BB2 12 nomas).
.00 .oo-o-ooooooo 2ooo We also evaluated the sensttivity of the untversal

21.3 M HO II primer technique in detecting specific gene muta-

NMEI 22 MPO -0000 00-000-00000 -- oo tions. In this case we analyzed the same 22 tumors
23 Ifor p53 gene mutations by PCR-SSCP assay. We

used 5 ng samples of template DNA from normal

25 D17S784 0-000 0- -. 0*000- 0-00 human DNA as negative controls and 5 ng samples
from cell lines with known mutations in each of the

P53 Mutations --- ++ -- +-+---- ++- - -+ -- + p53 exons as positive control (e.g. Colo-320 for ex-

on 7, BT-474 for exon 8). The control and tumor
Fig. 4. Schematic representative summary of chromosome 17 al- samples were first subjected to universal primer
lelotype and p53 mutation analysis of various breast cancer sam- amplification as described in Methods. A 1-2 ptl
ples previously analyzed by means of microsatellite polymor-
phism in paraffin sections. Open circles, no LOH: closed circles, sample of the resulting products was then subjected
LOH or allelic imbalance: -, noninformative. p53 mutations to a second PCR using the end-labeled p53 exon-
were detected by PCR-SSCP analysis. specific primers. After a final denaturation, the
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PCR products were separated on a 6% polyacryla- P53 Exon 7 P53 Exon 7
mide gel under nondenaturing conditions. Repre-
sentative results are shown in Fig. 5. Of the 22 tu-
mors analyzed for mutations in p53 exons 5-8, we
detected mobility shifts in 8(36%) samples:2ductal
carcinomas in situ, 4 invasive ductal carcinomas,
and 1 lobular carcinoma (Fig. 4 lower panel).

Adjacent sections from 14 of the tissue blocks
were also analyzed for chromosome 17 copy num-
ber by interphase cytogenetics CISH and expres-
sion of p53 and ERBB2 by immunohistochemistry.
The results of these studies are shown in Table 1.
Based on the data shown in Fig. 4 and Table 1, we
concluded that allelic losses and imbalance already
were occurring at the carcinoma in situ stage, as pre- Wt M 4 10 12 13 15 18
viously reported [21]. In several cases we observed
allelic losses or imbalance affecting the l7p13 re-
gion, close to the p53 locus, but in several other tu- Co Wt M Wt 25 26 27 28
mors this event and p53 mutations were dissociated
as observed by other authors [22]. However, tumors Fig. 5. Representative PCR-SSCP analysis of p53 exons 6 and 7

showing significant levels of p53 protein accumula- from a DNA template obtained from paraffin-embedded breast
cancer tissues using the universal primer method. WT; wild type,
M; positive control DNA for mutation in the corresponding ex-

ity shifts in the p53 PCR-SSCP assay. We also ob- on. Note the clear shift in band mobility in some of the positive

served only a modest number of losses involving the samples as indicated by arrows.
17q21-22 region, lower than previously reported by
others [5]. amplification with a degenerate universal primer

The results also show that interphase cytogenetic for total genome amplification and then with specif-
analysis supplements the information gained from ic microsatellite primers. We observed that the
ploidy analysis by DNA flow cytometry alone. In DNA so obtained preserved the proportionality of
many cases where flow cytometry could not be per- the different alleles as found in the original sample.
formed because the lesions were too small for gross We also determined that DNA obtained from the
observation, CISH techniques allowed the copy same lesions and amplified with the universal prim-
numbers of specific chromosomes to be estimated er could be used to screen for specific gene muta-
(e.g. tumors 5, 10, 16, 19, and 24). Furthermore, dif- tions such as in p53. In addition, tissue sections ad-
ference in copy number of chromosomes between jacent to those used for the micromolecular analysis
adjacent but phenotypically distinct regions could were successfully used to assess specific chromo-
be determined: e.g. tumor 10, the in situ component some copy number by interphase cytogenetic analy-
was polysomic (CI 1.66) for chromosome 17, but the sis (CISH) and to analyze the expression of specific
invasive component was disomic (CI 1.10). genes by immunohistochemistry.

In summary, we have developed and applied a This type of comprehensive approach using ar-
methodology for analyzing large numbers of chro- chival paraffin-embedded tissues will allow correla-
mosomal loci from single paraffin-embedded sec- tion of genetic changes (at both the chromosomal
tions of small preinvasive and invasive breast can- and molecular levels) with their phenotypic conse'-
cer lesions. The basic technique involves tissue mi- quences in the same preinvasive and invasive le-
crodissection and microsatellite length polymor- sions. Such an approach will also allow us to dissect
phism analysis. We have further improved this the specific events involved in the multistep process
approach conducting a first round of DNA PCR of breast carcinogenesis.
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Table 1. Analysis of multiple genotype and phenotype characteristics from breast cancer paraffin sections

Sample Pathology" Nuclear LOH or imbalanced p53 p53 c-erb B-2 DNA Chromosome
grade' mutation' accumulation' expressioný index' 17 CI'

17p 17q

4 IDC I 0 ni + (E6) nd nd 1.99 0.86
5 IDC I (2)0 (1)* - - - nd 0.91

10 IDC/DCIS II 0 0 + (E7) 5% - nd IDC 1.10;
DCIS 1.66

16 IDC 1 (2)0 0 - 5% - nd 1.60

7 DCIS' II ni (2)0 - 1.0 1.09

11 DCIS I (1)* 0 - + 2.22 2.24

12 DCIS I 0 0 - - + 1.36 nd

13 DCIS I 0 (1)9 + (E7) 50% + 1.13 1.19
19 DCIS II (1)* 0 + (E8) 20% - nd 1.93

24 DCIS II MI' MI' nd - - nd nd

8 ILC III (2)* (1)* - 1% - 1.16 1.12

9 ILC II (1)* 0 - 1% - 1.0 1.05
15 ILC II 0 (1)9 - - - 0.93 1.02
20 ILC/LCIS II (2)0 0 + (ES) nd - 1.65 1.21

' Abbreviations: IDC, invasive ductal carcinoma: DCIS, ductal carcinoma in situ: ILC, invasive lobular carcinoma: LCIS, lobular carcino-
ma in situ.

All DCIS lesions were comedo DCIS with the exception of Sample # 7 which is a non-comedo lesion.

According to Black's nuclear grading system in which I = poorly differentiated, II = moderately differentiated and III = well differ-
entiated.
d According to microsatellite analysis, 0; loss or allelic imbalance, in parenthesis number of markers affected per arm: 0, no loss: ni, non

informative.
SExon affected, as determined by PCR-SSCP: shown in parentheses.
'Determined by immunohistochemistry using an antibody that recognizes both wild-type and mutant p53 protein. -, negative for accu-
mulation; +, accumulation expressed as approximate percentage of positive cells: nd, not determined.
Determined by immunohistochemistry.

"Determined by DNA flow cytometry from fresh specimens.

'Determined by chromosomal in situ hybridization with chromosome 17 centromeric probe.
i MI, microsatellite instability.
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Abstract specific chromosome regions affects not only the putative tumor
suppressor gene but also neighboring genes or genetic markers that

Allelic losses or imbalances affecting chromosome arm 16q appear to be are used as indicators to track down the minimum area of LOH.
early genomic abnormalities in breast carcinogenesis, because they were In a previous report, we described the development of a technical
observed in a significant number of breast ductal carcinoma in situ lesions

in our previous study (Aldaz et al., Cancer Res., 55: 3976-3981, 1995). To approach that allowed us to generate LOH analyses (allelotypes) from

define the minimum region of loss of heterozygosity (LOH), we generated paraffin-embedded tissue samples (5). The basic technique involves

a high-resolution allelotype of 35 ductal carcinoma in situ cases and tissue microdissection and microsatellite length polymorphism anal-

completed a deletion map of chromosome 16q by means of paraffin- ysis. Using this micromolecular approach, we compared the allelo-
embedded tissue microdissection and PCR microsatellite analysis of 22 types of in situ and invasive breast cancer lesions (6). We observed
markers. We observed a strikingly high frequency of LOH in 16q, with 31 that specific chromosome arms are more frequently affected by allelic
of 35 tumors (89%) affected. We identified three distinctive areas with losses and imbalances at preinvasive stages of breast cancer. In
high LOH. Two areas were described previously and correspond to 16q21 particular, allelic losses affecting chromosome 16q, as well as chro-
and 16q24.2-qter. The third and most commonly affected area spanned mosomes 17p, 17q, and 7, appear to be early genomic abnormalities
the region from marker D16S515 to marker D16S504. The most affected because they were observed in a significant number of DCIS lesions
locus was at D16S518, in which LOH was observed in 20 of 26 informative (6).
cases (77%), and we estimate that it lies in subregion q23.3-q24.1. The
region of highest LOH spanned approximately 2-3 Mb, as determined by
a yeast artificial chromosome contig reported to cover this region. Such a reported in breast (7-10), prostate (11), hepatoblastoma (12), and

high frequency of LOH at a preinvasive stage of breast cancer suggests Wilms' tumors (13). In particular, two regions on chromosome 16q

that a candidate tumor suppressor gene or genes at this location may play have been revealed to have a very high frequency of LOH in breast
an important role in breast carcinogenesis. cancer; one maps to region 16q22.1 and the other to 16q24.2-qter

(8-10).
Introduction In the study reported here, we extended our previous observations

(6) using PCR microsatellite-length polymorphism analysis and pre-
Breast cancer is the most common cancer among women, account- cise tissue microdissection of paraffin-embedded tumor samples to

ing for approximately 46,000 deaths in the United States each year generate a high-resolution deletion map of chromosome 16q in breast
(1). Numerous studies have focused on the identification and analysis DCIS. We were able to identify a region of approximately 2-3 Mb as
of specific gene mutations and chromosome abnormalities in sporadic the location of a putative tumor suppressor gene of possible relevance
breast cancer, but to date no clear model of the critical events or in the development of breast cancer.

delineation of primary abnormalities has emerged (2). DCIS 3 of the
breast is known to be a preinvasive stage of breast cancer and is
probably the precursor of infiltrating breast cancer (3). Thus, genetic Materials and Methods

alterations shown at this stage might indicate association with early Tumor Samples. DCIS samples were obtained from paraffin-embedded

events in malignancy or invasiveness, tissue blocks from the archives of the Department of Pathology of The
LOH at specific chromosomal loci has been considered part of the University of Texas M. D. Anderson Cancer Center. A total of 35 cases of

indirect evidence for postulating the existence of possible tumor tumors collected and diagnosed as pure breast DCIS by our collaborating
suppressor genes within those specific chromosome regions. It is pathologist (A. S.) was analyzed. DCIS samples were classified by nuclear
known that several mechanisms, such as chromosomal deletions, grade and by the presence (comedo) or absence of necrosis. Twelve tumors

monosomy, mitotic recombination, and unbalanced translocation, can were classified as poorly differentiated with high nuclear grade; the remaining

lead to the loss of alleles in tumors (4). Hypothetically, the remaining 23 samples were classified as moderate and well differentiated with lower

allele of the tumor suppressor gene in question could be rendered nuclear grades (moderate and low nuclear grades). Twenty-one of the samples
showed evidence of necrosis; the remaining 14 showed no necrosis. We did not

inactive by events occurring at the gene level, such as specific point include any DCIS with infiltrating components.
mutations or other types of inactivating mutations. Usually, LOH at Paraffin-embedded Tissue Microdissection. The basic technical ap-

proach has been described previously (5). Minor modifications were intro-
Received 9/9/96; accepted 10/29/96. duced to improve the efficiency of microdissection. Briefly, one to three
The costs of publication of this article were defrayed in part by the payment of page 5-8-gxm-thick paraffin sections were stained and microdissected. Using com-

charges. This article must therefore be hereby marked advertisement in accordance with panion H&E-stained slides as a reference, tumor cells were microdissected
18 U.S.C. Section 1734 solely to indicate this fact.

' This work was supported by United States Army Breast Cancer Program Grant using a fine-point surgical blade (No. 11) under an inverted microscope. The
DAMD 17-94-J-4078. edges of tumor area and stroma were cleared of debris using the same blade

2 To whom requests for reprints should be addressed, at Department of Carcinogenesis, and blown with a stream of compressed air. A new blade was then used to
The University of Texas M. D. Anderson Cancer Center, Science Park-Research Division, dissect normal tissue the same way.
P. 0. Box 389, Smithville, Texas 78957. Phone: (512) 237-2403; Fax: (512) 237-2475.

3 The abbreviations used are: DCIS, ductal carcinoma in situ; LOH, loss of heterozy- DNA Preparation. Samples were rehydrated, and DNA was extracted by
gosity; YAC, yeast artificial chromosome, incubating in 200-jxl Instagene chelex matrix solution (Bio-Rad) containing 60
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jqg of proteinase K in a shaking incubator at 37°C overnight. After proteinase , )
K digestion, samples were boiled for 10 min, vortexed, and centrifuged at
>7000 X g for 5 min. Aliquots of the supernatant (5 A.l each) were used for
PCR amplification.

PCR Microsatellite Analysis. The primers for highly polymorphic human
microsatellite repeats listed in Table I were purchased from Research Genetics
(Huntsville, AL). Before PCR reactions, the forward primer was end labeled
using T4 polynucleotide kinase (Promega) and [Y_32PIATP (DuPont New
England Nuclear). Each PCR reaction was performed in a 20-gil reaction
volume containing 150 (eM each dNTP, I unit of Taq polymerase (Promega),
IX Taq buffer (Promega), 1.5 mr, MgCI2 , I pmol-labeled primer, and 2.5 '
pmol of unlabeled forward and reverse primers. A hot-start procedure was used
in which template and primers were denatured at 96°C for 5 min. Afterward,
the remaining reaction constituents were added for 35-40 cycles at 94'C for
40 s, 55'C for 30 s, and 72°C for 30 s, and a final elongation step at 72'C for
5 min. Products were electrophoresed on 7% polyacrylamide sequencing gels
at 90 W of constant power for 2-3 h. Gels were dried at 65-70'C for 1-2 h and ,
exposed to X-ray film from 4 h to overnight. As necessary, for certain primer
sets, the amplification conditions were further optimized by adjusting the x
MgCI2 concentration in the reaction buffer. A

The sample was considered to have partial LOH, or allelic imbalance, if the
normal signal intensity of one allele was diminished by approximately half or
more in relation to the remaining allele. Complete LOH was defined as a
decrease of 90% or more in the signal intensity of one allele relative to the
other. YAC clones spanning the region of interest were purchased from
Research Genetics.

Results

Microdissection of Paraffin-embedded Ductal Carcinoma in W -

Situ. To optimize the microdissection of tumor and normal samples,
the sections were stained before dissection. In this way, exact areas of

tumor and normal tissue could be dissected from the same slide. Fig. Fig. 1. Representative microdissection of a DCIS sample from paraffin-embedded
tissue section. A. before microdissection: note the three central structures (arrou'.s). B.

1 shows three foci of DCIS (case 59) before (A) and after (B) same area after microdisseetion (arrows).

microdissection. For each slide, separate blades were used to dissect

tumor and normal samples, and a stream of compressed air was used
to clear away debris before dissecting the normal tissue. Using this microsatellite markers as summarized in Table I and Fig. 2. Thirty-

approach, we generated from a single slide relatively pure tumor and one of these samples (89%) showed LOH, or allelic imbalance, in at

normal genomic DNA pools that could serve as templates for approx- least one or more chromosome 16 loci. Fig. 2 schematically displays

imately 20-30 PCR reactions. the chromosome 16 allelotype of the individual DCIS tumors. We
Allelic Loss and Deletion Map on Chromosome 16q. We ana- observed no correlation between the occurrence or pattern of LOH

lyzed a total of 35 breast DCIS cases for LOH using a panel of 22 and the histopathological classification. (i.e., DCIS samples with or

Table I Chromosome 16 LOH in ductal carcinoma in situ of the breast

Cumulative Tumors with
linkage map Cytogenetie LOH/Informative

Locus distance (cM)" location" No. of cases cases % LOH

D16S407 p 13.13 34 2/33 6
D16S420 47 p 12.3 31 3/24 13
D16S285 q12.1 34 4/24 17
D16S261 q12.1 34 6/20 30
D16S390 q 12.2 32 5/23 22
D16S533 q21 33 7/23 30
D16S400 89 q21 32 7/Il 64
D16S503 88 q2t 28 10/21 48
D16S398 q22.1 34 13/28 46
D16S421 92 q22.1 32 12/22 55
D16S512 98 q22 .1 33 9/21 43
D16S260 q22.2 29 8/16 50
D16S395 q23.I:-q23.2 35 14/26 54
D16S515 100 q22.3-:23.l 33 13/23 57
D16S518 103 q23.1-:24.2 33 20/26 77
D16S516 108 q24.1 30 14/21 67
D16S504 109 q24.1 32 15/20 75
D16S507 113 q23.2 35 7/19 37
D16S393 q24.1 32 10/23 43
D16S422 119 q24.2 29 10/21 48
D16S402 120 q24.2 32 14/19 74
D16S413 137 q24.3 35 10/27 37

"According to Genethon Linkage Map (March 1996).
b According to GDB (August 1996).
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Chromosome 16 59 90 73 98 101 58 102 114 112 111 67 89 103 104 106 109 56 110 91 99 11 116 61 74 93 117 94 108 92 13 115 95 96 97 100
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Fig. 2. Schematic representation of chromosome 16q allelotype in breast DCIS. Numbers at the top of the figure represent each individual tumor. 0, LOH; M, allelic imbalance;
UE, no LOH; NI, noninformative locus; S, shift in allele size.

without necrosis and with high or low nuclear grades showed LOH at Discussion
multiple loci in chromosome 16q.) As can be observed, approximately DC s suspected to be the most probable precursor to
one-third of the cases displayed large terminal deletions or recombi- invas aiway
nations involving most or all of the whole chromosome 16 q arm (Fig. t nvastve cand D n ( ound a gretl y ie2). he emaningtwothids o LO apeare tobe he rsul of risk of subsequent invasive breast cancer in women with a history of2). he emaningtwothids o LO apeare tobe he rsul of DCIS positive biopsy. Recently, several laboratories have provided
mostly interstitial deletions or more complex recombination events. DcIS poitive bipy re seralaborat odes hv providethe OU atten o th varoustumrs, e culd molecular evidence that further substantiates the model of progression
By overlapping tfrom DCIS to invasive breast cancer (15-17). Nevertheless, we still
determine that the region between markers DJ6SSJS and D16S504 know very little about the role of specific genetic abnormalities at
(box in Fig. 2) was the most commonly affected area. Fig. 3 shows preinvasive stages of breast cancer development. We have recently
representative autoradiographs demonstrating allelic losses in tumor- demonstrated that specific chromosome arms are more frequently
derived DNA between 16q21 and 16q24. Clear patterns of allelic affected by allelic losses at the DCIS stage (6). On the basis of these
losses, as shown, were observed throughout the experiment. results, we postulated that these genetic alterations in DCIS are early

Table 1 summarizes the information gathered on the 22 loci studied. events and may play an important role in the genesis of invasive breast
Loci are displayed in linear order according to the integrated chro- cancer. In that study, we observed that marker D16S413 located on
mosome 16 physical and genetic map (14). Three distinct regions telomeric band 16q24.3 was significantly affected by allelic losses
were observed to have a very high percentage (-70% or above) of when compared with other loci. This prompted us to extend our
allelic losses among informative DCIS samples. The main region analysis on the q arm of chromosome 16 by generating a high-
extended approximately from 16q23.1 to 16q24.1, which spans the resolution allelotype of this chromosome arm.
area including markers D16S515 (57% frequency of LOH), D16S518 Chromosome 16q has been suggested as a site for the occurrence of
with losses in 20 of 26 informative DCIS samples (77%), D16S516 primary cytogenetic structural abnormalities in the development of
(67%), and D16S504 (75%). The two other areas of high LOH were breast cancer (18, 19). In particular, 16q was shown to participate
16q24.2, including the D16S402 locus with a 74% LOH (14 of 19 systematically in nonrandom translocations with chromosome 1 and
informative cases), and 16q21, including D16S400 (64% LOH; 7 of to have frequent deletions (2). Furthermore, breast cancer allelotypic
11 informative cases). Other loci in the p arm and in the q arm more studies have systematically shown the common occurrence of allelic
proximal to the centromere showed a much lower frequency of losses affecting the chromosome 16q arm. In addition to our obser-
involvement. vations (6), other investigators have also reported the occurrence of

As indicated, D16S518 was the most commonly affected locus in frequent allelic losses affecting chromosome 16q in DCIS (9, 20).
the chromosome 16q arm. To estimate the approximate physical size It has been suggested that more than one putative tumor suppressor
of the region with the highest frequency of overlapping deletion, the locus of interest in breast cancer may reside in 16q. At least two
region of interest was compared with a partial YAC contig that regions of chromosome 16q have been reported previously to have
reportedly spans this area (Fig. 4; Ref. 14). We confirmed the location consistent LOH: 16q21 and 16q24.2-qter (2, 8-10). Here, we report
of the microsatellite markers D16S518, D16S516, and D16S504 to that 31 of 35 DCIS tumors (89%) showed allelic losses in one or more
YAC clones 933h2 and 972d3 as shown. This area appears to span loci of the long arm of chromosome 16. This is a very high incidence
approximately 2-3 Mb, and is very likely located within chromosome when compared with approximately 50% or lower frequency of LOH
bands 16q23.3-q24.1. seen in other studies of invasive breast carcinomas (8-10). We can
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89 101 110 101 102 112 116 91 99 101 110
N T N T N T N T N T N T N T N T N T N T N T

D16s398 D16s512 D16s395 D16s515 D16s518

111 114

N T N T

59 106 58 91 104
N T N T N T N T N T

D16s504 D16s516 D16s422

D1 6s402
Fig. 3. Representative autoradiographs demonstrating LOH and allelic imbalance at various chromosome 16q loci as indicated. N, normal tissue: T, tumor (DCIS) tissue.

explain this difference by our use of very precise tissue microdissec- sor gene or genes may be harbored at or near this locus. Furthermore,
tion in our study, which improved the separation of tumor DNA from the incidence of allelic loss at D16S518 could potentially be higher,
normal stromal contaminants. This is particularly important when because a few tumors that preserved heterozygosity at this locus also
dealing with small islands of tumor cells such as in DCIS. In addition, showed losses of flanking markers (e.g., tumors 58 and 102). This
in our study we used highly polymorphic microsatellite markers that could be due to homozygous deletions affecting this region, changes
provide a high number of informative samples. that are very difficult to judge because of the nature of the PCR-

In our analysis of DCIS lesions, we identified three distinct regions mediated approach we used.
with a very high percentage (-70% or above) of allelic losses among On the basis of a partial YAC contig reported to span the region of
informative DCIS samples. Two of them agree with previously de- interest (14), we were able to estimate that the minimum region with
scribed areas: 16q21 at locus D16S400 and 16q24.2 at locus D16S402. the highest frequency of LOH is no larger than 2-3 Mb (Fig. 4).
However, the region with the highest incidence of LOH observed in Furthermore, based on the cytogenetic location of markers D16S516
our study spanned the region between markers Dl6S515 and D16S504 and D16S504 and the distance to D16S518, this area should be
(see Table 1). Within this region, the D16S518 locus was the most contained within bands 16q23.3-q24.l. This region appears different
frequently affected, with 20 of 26 DCIS tumors (77%) at this site from another more distal area of frequent LOH at locus D16S402 in
showing LOH. band 16q24.2. This observation is substantiated by the fact that both

These observations strongly suggest that a putative tumor suppres- areas are 17 cM apart based on the Genethon Linkage Map (March

1996) and several megabases away based on the comprehensive

13 6S518 (77%) D16S516 (67%) chromosome 16 physical and genetic map (14).
It will be particularly important now to analyze other, less advanced

D16S504 (75%) hyperplastic breast lesions for the occurrence of allelic losses in the

chromosome regions identified in this report. This analysis will be
useful in improving our understanding of breast carcinogenesis and

Cen -- Te may help in the identification of markers with diagnostic-prognostic

933h2 significance.
YAC 972d3 In summary, this study has shown that chromosome 16q is highly

- 300kb affected by allelic losses in breast DCIS. We refined the location of
the minimal deleted region that we found most commonly affected at

Fig. 4. Minimum area of highest LOH and partial YAC contig spanning the region as l deleted aelocu that t ouronl ed as
reported by Hudson et al. (14). Numbers in parentheses indicate percentage of LOH at the 16q23.3-q24.1, locus D16S518, a locus that to our knowledge was
indicated marker. not reported previously. These data indicate the existence of a putative
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tumor suppressor gene or genes, most probably located within a 11. Carter, B. S., Ewing, C. M., Ward, W. S., Treiger, B. F., Aalders, T. W., Schalken,

2-3-Mb region. Two other regions of interest for LOH are located at J. K., Epstein, J. I., and Isaacs, W. B. Allelic loss of chromosomes 16q and 10q in
human prostate cancer. Proc. Natl. Acad. Sci. USA, 87: 8751-8755, 1990.

16q24.2 and possibly at 16q21. Such a high frequency of LOH at a 12. Nishida, N., Fukuda, Y., Kokuryu, H., Sadamoto, T., Isowa, G., Honda, K., Yamaoka,

preinvasive stage of breast cancer suggests that a candidate tumor Y., Ikenaga, M., Imura, H., and Ishizaki, K. Accumulation of allelic loss on arms of
chromosomes 13q, 16q, and 17p in the advanced stages of human hepatocellularsuppressor gene or genes at the 16q23.3-q24.1 location may play an carcinoma. Int. J. Cancer, 51: 862-868, 1992.

important role in breast carcinogenesis. Further studies are necessary 13. Maw, M. A., Grundy, P, E., Millow, L. J., Eccles, M. R., Dunn, R. S., Smith, P. J.,
to identify the gene or genes of interest. Feinberg, A. P., Law, D. J., Paterson, M. C., Telzerow, P. E., Callen, D. F.,

Thompson, A. D., Richards, R. I., and Reeve, A. E. A third Wilms'-tumor locus on
chromosome 16q. Cancer Res., 52: 3094-3098, 1992.
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Analysis of Telomerase Activity Levels in Breast Cancer: Positive
Detection at the in Situ Breast Carcinoma Stage'

Andrzej K. Bednarek, Aysegul Sahin, telomerase reactivation appears to constitute a relatively

Andrew J. Brenner, Dennis A. Johnston, early event in breast carcinogenesis.

and C. Marcelo Aldaz2

Department of Carcinogenesis, University of Texas M. D. Anderson
Cancer Center, Science Park-Research Division, Smithville, Texas The specialized synthesis of telomeric repeats, TTAGGG
78957 [A. K. B., A. J. B., C. M. A.], and Departments of Pathology in vertebrates, was demonstrated to be performed by the ribo-
[A. S.] and Biomathematics [D. A. J.1, University of Texas M. D. nucleoprotein telomerase using its RNA component as a tem-
Anderson Cancer Center, Houston, Texas 77030 plate (1-3). It has been postulated that telomerase activity is

associated with acquisition of an immortal phenotype in vitro,

Abstract and it was shown that most immortal cell lines express this
t associ- enzyme (reviewed in Ref. 4). Using a very sensitive PCR-based

Telomerase activity has been implicated to be ast TRAP assay, 3 it has been demonstrated that most human adult
ated with most human malignant tumors, including breast somatic tissues do not show evidence of active telomerase (5).
cancer. To evaluate possible associations with well-known Activity of this enzyme, however, has been observed in germ-
prognostic factors in breast cancer, we performed a semi- line cells, bone marrow, activated peripheral blood lympho-
quantitative analysis of telomerase activity levels using the cytes, and possibly stem cells (reviewed in Ref. 4). Interestingly,
very sensitive PCR-mediated telomeric repeat amplification telomerase activity was detected in numerous human cancer
protocol. Telomerase activity was detected in 99 of 104 types, suggesting that tumor cells may need reactivation of this
breast cancer samples analyzed (95.2%), whereas no activity enzyme to remain viable (4, 6-14).
was detected in 10 of 10 adjacent nonmalignant breast tis- Breast cancer is one of the tumor types in which telomerase
sues. Analysis of five breast fibroadenoma samples revealed activity has been demonstrated (12). Furthermore, it has been
telomerase activity in one (20%). In contrast to previous suggested recently that telomerase detection could have prog-
observations, we observed that 100% of stage I breast tu- nostic implications in breast cancer (5, 12). Exactly when in the
mors were positive for telomerase activity. More interest- process of breast carcinogenesis reactivation of telomerase oc-
ingly, we detected telomerase activity in six of six ductal curs remains to be determined.
carcinoma in situ samples (i.e., stage 0). In our semiquanti- Although numerous somatic mutations affecting various
tative analysis of levels of enzymatic activity, we found no genes have been described in sporadic breast cancer, it still
statistically significant correlation at the P < 0.05 level remains to be determined which anomalies could be considered
between telomerase levels and lymph node metastasis status, causative of breast carcinogenesis. Certain specific aberrations,
estrogen and progesterone receptor status, tumor size, S- such as ERBB2 or EGFR amplification and overexpression and
phase fraction, and ploidy. The only statistically significant P53 mutation, have been postulated and explored as of possible
correlation was found with patient age (rho = -0.3; P = aid in determining breast cancer prognosis (15-18).
0.03). We observed no statistically significant difference in In this report, we analyze possible associations of telom-
the telomerase activity levels of early tumors (stages 0 and I) erase with well-known prognostic factors in breast cancer to
versus more advanced lesions (stages II to IV). Nevertheless, further evaluate whether telomerase detection and quantification
stage IV tumors displayed a tendency for higher telomerase could have potential impact on breast cancer prognosis.
activity levels. In summary, no clear association was ob-
served between telomerase levels and known breast cancer Materials and Methods
prognostic indicators. However, telomerase detection by the Unselected breast cancer samples were obtained from the
telomeric repeat amplification protocol method, due to its Cooperative Human Tissue Network (about one-half of the
high sensitivity, may be of value in early breast cancer samples) and from the Department of Pathology, University of
diagnosis and detection, because our data indicate that Texas M. D. Anderson Cancer Center. Breast cancer samples

and adjacent nonmalignant breast tissues were obtained from
104 patients, frozen, and stored at -80'C until use. We also

__analyzed a group of five breast fibroadenomas obtained from

Received 7/10/96; revised 10/9/96; accepted 10/23/96. Cooperative Human Tissue Network. For most of the breast
The costs of publication of this article were defrayed in part by the cancer samples, information about estrogen and progesterone
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to
indicate this fact.
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237-2403; Fax: (512) 237-2475. noma in situ.
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receptor status, lymph node metastasis status, S-phase, ploidy, 10000y = 1.7172 x0.9851 R 0.98

tumor stage, and age of patients were available. Tumor staging
was performed according to the guidelines of the American
Joint Committee on Cancer (19). 1000-

The TRAP assay allows the detection of in vitro telomerase 5
products (5, 20). We used a modified version of this assay. In <
brief, telomerase adds TITAGGG repeats to the 3' end of TS • 100

primer (5'-AATCCGTCGAGCAGAGTT-3'; Refs. 5 and 21). _
I,

The number and amount of the repeats added is dependent upon -
telomerase activity. In a second step, telomerase products are 2 10

.T
amplified using the CX primer (5'-CCCTTACCCTTACCCT- --
TACCCTAA-3') and Taq DNA polymerase. As positive con-
trol, a cell extract from a sample with known telomerase activity 1

(a rat mammary tumor line) was used. As negative control, lysis e e u n a 10

buffer was substituted for cell extract (20). To compare the level q p as g

of telomerase activity in different tumor samples, we used a Fig. I Quantification of telomerase activity from breast cancer cell line
semiquantitative analysis based on the use of an internal stand- MDA-MB-157. The activity level was calculated by summation of

integrated areas of the telomerase ladder and normalized to internal
ard (ITAS), which amplifies from the same primers (22). This standard (ITAS). After background subtraction, levels were expressed as
internal standard, which consists of a 150-bp DNA product, relative to a 100-cell equivalent sample. The solid line was computer
allows identification of false-negative tumor samples that could fitted according to a calculated algorithm.
contain Taq polymerase inhibitors.

Cell extracts were obtained from 10-50-mg samples of the
tumors, and telomerase assay was performed according to a
method described previously (5, 20), with minor modifications ladder was normalized to that of the internal standard (ITAS;

(22, 23). In a standard procedure, we used 2 [L1 of tissue extract Ref. 22), expressing the results relative to the activity found in
(protein concentration, 0.5 l.g/p[L) per assay. The CX primer, the 100-cell equivalent sample. Linearity of activity with cell
ITAS, and Taq DNA polymerase (7 units/assay) were added to number was observed (Fig. 1), in agreement with observations

each sample at a "hot start" after 5 min incubation at 90'C. published previously (22).
Because telomerase has an RNA component, 5 p.1 of the tumor Telomerase activity was then analyzed and detected in 99
cell extract from the same samples and the positive cell extract of the 104 breast cancer samples (95%). It was undetectable in

were incubated with 1 pi1 of RNase A (1 mg/mI) as an additional 10 of 10 adjacent nonmalignant breast samples (Fig. 2). As

experimental control. expected, the enzymatic activity detected is abolished if samples

Aliquots (10 .l1) of the PCR mixture were analyzed on 8% are pretreated with RNase A (Fig. 2).
nondenaturing, 0.4-mm acrylamide gels (20 X 40 cm) run in Interestingly, we detected telomerase activity in six of six
0.5X TBE buffer until the xylene cyanol had migrated 17 cm DCIS samples analyzed (Fig. 3A; stage 0 in Fig. 4A). Four of
from the origin. The gels were then dried and exposed for 20 h these DCIS samples were classified as high nuclear grade and
to hyperfilm MP films (Amersham Corp., Arlington Heights, showed high telomerase activity, whereas the two samples clas-

IL). Following autoradiography, each gel was analyzed after sified as low nuclear grade showed very weak telomerase ac-
overnight exposure using a Molecular Dynamics Phosphorlm- tivity (Fig. 3A). These findings suggest that the reactivation of

ager (Sunnyvale, CA). This scan was used to perform the telomerase activity occurs relative early in breast carcinogene-
measurements of the telomerase ladder amplification intensity. sis. We also analyzed a small group of breast fibroadenomas for
Thus, area integration of all peaks (except the first band from the telomerase activity and observed one positive tumor of five
bottom) were normalized to the signal from the internal standard tested (20%).
and then, after background subtraction, expressed as relative to Several clinical, histological, and biological indicators of
the positive control signal that was run with each experiment. prognosis are commonly used to determine the therapeutic man-
The first band from the bottom was not included, because it agement of breast cancer patients. Marker combinations are
usually incorporates background from primer-dimer formation usually more accurate than single markers (18, 24). A major
(8, 13). The method described is only semiquantitative, but it is goal of our study was to evaluate the role of telomerase detec-
sufficient for the comparative analysis of the tumors relative to tion as a possible additional prognostic indicator. Our overall
the same positive-control cell extract. incidence of telomerase-positive breast cancer samples (95.2%)

Analysis of the levels of telomerase activity and other is similar to that reported previously by Hiyama et al. (Ref. 12;
clinico-pathological characteristics was performed using non- 93%). However, whereas Hiyama et al. (12) found 68% of stage
parametric Spearman rank correlation and t test. I breast carcinomas to be positive for telomerase activity, we

found 100% of the 17 stage I breast carcinomas to be positive.
The few tumors negative for telomerase activity were found to

Results and Discussion be advanced-stage (II and III) rather than early-stage tumors, as
To confirm the linearity of the TRAP assay, we performed can be observed in Fig. 4A, in which breast cancer samples are

a dilution experiment of the telomerase-positive breast cancer grouped by tumor stage. Furthermore, we did not find any
cell line MDA-MB-157 (Fig. 1). The activity of the telomerase correlation between the very few tumors (five samples) found to
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be negative for telomerase activity and any of the known prog- best prognostic indicators for breast cancer recurrence (24).

nostic indicators. We observed as much telomerase activity in lymph node-

In our semiquantitative analysis of levels of enzymatic negative tumors as in tumors positive for lymph node metas-

activity, we found no statistically significant correlation at tasis (Fig. 4E). Interestingly, we only found statistically

the P < 0.05 level between telomerase levels and tumor size, significant correlation with patient age (Fig. 4C; Table 1). It
lymph node metastasis, estrogen and progesterone receptor appears that levels of telomerase activity are higher in tumors

status, S-phase fraction, and ploidy, (Fig. 4 and Table 1). from younger patients. However, although P = 0.03, the

Axillary lymph node status is generally accepted as one of the Spearman rank correlation analysis indicates that since the
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Fig. 4 Comparison of relative telomerase activity levels to prognostic indicators in breast cancer.

rho value is -0.3 (Table 1); approximately only 9% of the significant difference in telomerase activity levels of early

variability in telomerase levels is explained by age. As men- tumors (stages 0 and I) versu~s more advanced lesions (Fig.
tioned earlier, we observed that all stage 0 and stage I tumors 4A and Table I). However, as can be observed in Fig. 4A and
express telomerase activity. We did not observe a statistically Table 1, stage IV tumors appear to show a tendency for
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Table I Statistical analysis of telomerase activity levels

Age Ploidy Size S-phase

rho (Spearman rank correlation) -0.3 0.02 0.06 0.1
P 0.03 0.88 0.56 0.39

Comparison of breast tumor statusa P(t-test)

ER+ (318 ± 67) versus ER- (333 - 91) 0.9
PR+ (276 ± 60) versus PR- (405 - 101) 0.2
ER+/PR+ (277 ± 68) versus ER-/PR- (345 _± 111) 0.6
LN+ (319 ± 49) versus LN- (371 ±_ 113) 0.7
Stages 0 and 1 (249 - 52) versus II-IV (367 ±- 70) 0.4
Stages 0-IIIB (290 - 45) versus IV (1083 ± 623) 0.001

ER+ and ER-, estrogen receptor positive and negative, respectively; PR+ and PR-, progesterone positive and negative, respectively; LN,
lymph node. Values in parentheses represent mean ±_ SE. The analysis was performed using StatView 4.0 (Abacus Concepts).

higher telomerase levels. The small number of stage IV be resolved after considering the correlation between patient

tumors precludes further speculation on this observation. outcome and telomerase levels. Probably the most important
Although patient follow-up was not analyzed in our study, conclusion from our study is that telomerase reactivation ap-

the lack of a clear association between telomerase activity levels pears to be an early event in breast carcinogenesis. This factor

and proven prognostic indicators in breast cancer indicates that highlights the potential for using telomerase detection as a
analysis of the levels of this enzyme by means of the PCR- possible aid in early tumor detection.
mediated TRAP assay in human breast cancer may have limited

value as a prognostic tool. This appears in contrast to prelimi-
nary observations by another laboratory (25). It is unclear at this Acknowledgments
point whether the hypothesis that a worse prognosis should We thank Dr. Jerry Shay for the ITAS standard samples.

correlate with higher telomerase levels is incorrect, or alterna-
tively that the lack of correlation observed is the result of the Note Added in Proof
methodological approach. It is then possible that future devel- While this manuscript was being reviewed, Sugino et al. reported
opment of non-PCR-mediated methodologies for measurement similar conclusions on the potent'al value of telomerase detection as an
of telomerase activity may be better suited for studies of prog- early diagnostic marker in bre (st cancer rather than as a prognostic
nosis. On the other hand, because we detected telomerase ac- indicator (Sugino, T., Yoshida, K., Bolodeoku, J., Tahara, H., Buley, I.,
tivity at preinvasive stages of breast cancer, the highly sensitive Manek, S., Wells, C., Goodison, S., Ide, T., Suzuki, T., Tahara, E., and
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THE GENETICS OF SPORADIC BREAST CANCER
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INTRODUCTION

Breast cancer which affects as many as one in eight women, is the most common
malignancy of women in the industrialized countries of the Western hemisphere (Feuer,
1993; Boring, 1994). To expedite the development of new treatment strategies, increased
emphasis has been placed on understanding the cellular and molecular events that lead to
malignancies of the breast. Over the past few years, numerous advances have been made in
the elucidation and characterization of genes whose mutation predisposes individuals to
risk of developing familial breast cancer. These genes include the recently cloned BRCAJ
and BRCA2 (Miki et al., 1994; Wooster et al., 1995). However, while these genes have been
shown to be frequently affected in inheritable forms of breast cancer, there is yet no conclusive
evidence to suggest that these genes are also responsible for sporadic breast cancer which
accounts for approximately 90% of breast cancer cases. To provide insight into the aberrations
responsible for the genesis of sporadic breast cancer, ongoing work is attempting to identify
genomic regions frequently affected. In this chapter, we will focus on the known somatic
genetic aberrations of sporadic breast cancer.

CYTOGENETICS OF BREAST CANCER

Numerous attempts have been made toward characterization of aberrations at the
chromosomal level in breast cancer. However, as is the case with other solid tumors of
epithelial origin, it has been difficult to discern any characteristic primary cytogenetic changes
among the large number of apparently random alterations. This is due to the inherent
difficulties in obtaining high-quality metaphases from solid tumors as well as their
characteristic clonal heterogeneity. In addition, of the tumors that have been karyotyped,
the vast majority are of the more advanced invasive stages, since the less advanced "in situ"
carcinomas tend to be much smaller, thereby making it even more difficult to obtain high-
quality metaphase cells. Nevertheless, several genetic changes with a relatively higher
prevalence have been identified. Overall, the most frequent tend to be numerical alterations
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of whole chromosome copy number including trisomies of 7 and 18 and monosomies of 6.
8, 11, 13, 16, 17, 22, and X (reviewed by Devilee and Cornelisse, 1994). The most common
aberrations in near-diploid tumors without metastases are loss of chromosomes 17 and 19,
trisomy of chromosome 7, and overrepresentation of lq, 3q, and 6p (Thompson et al., 1993).
Structural alterations include terminal deletions and unbalanced nonreciprocal translocations,
most frequently involving chromosomes 1, 6, and 16q. Breakpoints of structural
abnormalities cluster to several segments, including I p22-q 11, 3p 11, 6p 1- 13, 7p I I-q I1,
8pl 1-ql 1, l6q, and 19q13 (Thompson et al., 1993). Tumors from patients with metastatic
breast carcinoma display a different pattern of abnormalities with structural alterations and
numerous numerical alterations affecting various chromosomes (Trent et al., 1993).

A recently developed technique, comparative genomic hybridization (CGH), allows
analyses of chromosome copy number abnormalities involving segments of at least 10 Mb
(Kallioniemi et al., 1992A). Since CGH involves hybridizing differentially labeled genomic
DNA from a tumor and a normal cell population to the same normal metaphase, it circumvents
some of the difficulties encountered in conventional karyotyping. Through such analyses,
nearly every tumor analyzed revealed increased or decreased DNA sequence copy number
(Kallioniemi et al., 1994). The most common regions of increased copy number in breast
cancer as determined by CGH include lq, 8q, 17q22-24, and 20q 13. Increased copy number
at 17q was previously determined through gene fluorescence in situ hybridization (FISH)
analysis to be 50 to 100-fold amplification of ERBB2 (Kallioniemi et al., 1992B), a gene
known to be overexpressed and amplified in a considerable percentage of breast cancers.
Amplifications at region 8q would analogously be MYC, another gene known to be
overexpressed in some breast cancers (Shiu, Watson, and Dubik, 1993). No candidate gene
has yet been identified for region 20q 13 amplification. Regions of decreased DNA copy
number were also observed and include 3p, 6q, 8p, lip, 12q, 13q, and 17 p (Gray et al.,
1994). For some of these regional losses, candidate genes exist that may be the target of
deletion in the progression to a malignant phenotype (Table 1). More specifically, both RBI
(13q) and TP53 (17p) have been shown extensively to undergo deletion in a significant
fraction of breast cancers (Cox, Chen, and Lee, 1994). Interestingly, when both loss and
gain of DNA copy number as determined by CGH were compared with survival data in a
series of node negative breast tumors, only copy number losses were significant for
recurrence and for overall survival (Isola et al., 1995). However, as is the case with
conventional cytogenetics, CGH has yet to reveal any characteristic abnormalities that occur
in the majority of breast tumors and which abnormalities if any, could be considered
"primary".

ONCOGENES

The proto-oncogenes encode proteins involved in a cascade of events leading to
growth in response to mitogenic factors. Alteration in the normal function of proto-
oncogenes, through mutation or increased expression can result in a constant growth stimulus
and a constitutive mitogenic response. Aberration of a single allele of an ocogene can be
sufficient to lead to altered signal and as such is dominant. In human solid tumors, the most
common aberration affecting oncogenes appears to be gene amplification.
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Genetic CytogeneticI CGH 2  invasive 3  DCIS 3  Possible
Region Findin2 Finding LOH (%) LO M(%) Targets

Ip -Ip 32 8
lq +lq +lq 30 16
3p -3p 22 0
3q 25 0

4 p -4p 21 0t
5p 181 Ot
5q 131 0t
6p -6 +6 p 30 0
6q -6, -6q -6q, +6q 26 8
7p +7 +7p 32 32
7q +7 25 24
8p -8, -8p -8 p 18 10
8q -8, +8q +8q 20 22 MYC
9p -9p 58 30 p161NK4a
9q 241 Ot
lop 111 ot
10q 151 0t
lip -11, -lIp -lip 28 0
1lq -11, -Ilq +1 lq 30 12 CCND1
12p 81 0t
12q +12q 41 ot
13q -13 -13q 30 18 RB1, BRCA2,

Brush
16p -16 40 0
16q -16, -16q 48 27 CDHI?
17 p -17, -17p -17p 57 33 TP53
17q -17 +17q 36 31 BRCAJ,NMEI

ERBB2
18p 25 0
18q 48 12
19P 181 of
19q +19q 141 0f
20q +20q 13 171 6t
21q 171 5t
22q -22 36 0
Xp -X 221
Xq -x 81

Table 1. Summary of genetic abberrations affecting sporadic breast cancer (1 Devilee and
Cornelisse [1994], Thompson et. al. [1993]; 2 Gray et. al. [1994]; 3 Aldaz et. al. (1995]; T
Radford et. al. [1995]).
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Current data suggests of the numerous oncogenes described to date, that only a
few may have a role in breast tumorigenesis. Of these, ERBB2 remains the oncogene most
studied in breast cancer. Also known as HER2 or neu, ERBB2 encodes a tyrosine kinase
growth factor receptor with high homology to epidermal growth factor receptor (43% in the
extracellular domain and 82% in the tyrosine kinase domain; Coussens et al., 1985; Jardines
et al., 1993). However, while these two receptors share homology, their ligand specificity is
distinct since neither epidermal growth factor nor transforming growth factor-cz bind ERBB2.
Activation or overexpression of ERBB2 in transgenic mice results in the genesis of mammaryn
tumors (Brouchard et al., 1989; Muller et al., 1988). As mentioned previously, FISH analysis
has shown that ERBB2 is amplified. Prior analysis by other means had shown amplification
of ERBB2 in 25-30% of breast cancers with concomitant overexpression, implicating its
involvement in breast tumorigenesis (Berger et al., 1988; Zhou et al., 1987). Early studies
reported a prognostic value of ERBB2 overexpression in node-negative breast cancer.
However, more recent studies using larger data sets do not support these early observations
and question the prognostic role for ERBB2 expression in node-positive breast cancer.
Expression of ERBB2 may have value in predicting response to specific therapies, but
additional studies are needed to confirm these preliminary findings (reviewed by Ravdin
and Chamness, 1995).

Similar to ERBB2, the MYC gene has been shown to be amplified in approximately
25% of breast carcinomas. Although the functions of Myc are not yet clearly understood, c-
Myc has been shown to heterodimerize with Max (c-Myc-associated protein X), positively
and negatively regulating the expression of various genes in apoptosis and cell cycle
progression (Ryan and Birnie, 1996). Overexpression of c-Myc in transgenic mice results
in mammary tumors (Muller et al., 1988), and amplification of c-Myc has been associated
with high grade tumors in humans (Varley et al., 1987). However, when lymph node
metastases from patients whose primary tumor showed amplification are examined, the
metastatic cells do not show amplification, suggesting that amplification occurs before
invasion and is not a prerequisite for a metastatic phenotype (Shiu et al., 1993). Of additional
interest, c-Myc expression is modulated by the presence of estrogen in estrogen-responsive
cell lines, and constitutively high c-Myc expression is observed in hormone-dependent
lines, probably because of increased stability of the transcript (Shiu et al., 1993).

Chromosome region Ilq13 has also been reported to be amplified in 15-20% of
breast cancers (Lammnie and Peters, 1991). The cyclin Dl (CCND1) gene, located in the
region, is thought to be the target of such amplification. Cyclin D1 is a direct regulator of
the cell cycle and is overexpressed in 45% of breast carcinomas, most of which are both
estrogen and progesterone receptor positive (Gillet et al., 1994; Bartkova et al., 1994). Studies
show that transgenic mice homozygously null for CCND1 fail to undergo proliferative
changes of the mammary epithelium associated with pregnancy, thereby indicating a role
for CCNDI in steroid-induced proliferation of the mammary epithelium (Sicinski et al.,
1995). Transgenic mice overexpressing CCND1 have been shown to develop mammary
carcinomas (Wang et al., 1994). Analysis of CCND1 expression by mRNA in situ
hybridization has shown a dramatic increase of CCND1 expression in 76% of low grade
carcinoma in situ, further suggesting a role for CCND1 in the tumorigenesis of the breast
(Weinstat-Saslow et al., 1995).
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TUMOR SUPPRESSORS AND LOSS OF HETEROZYGOSITY

Although the first tumor suppressor gene, RB1, was not identified until 1987, the
existence of a genetic element with growth suppressive properties had been shown nearly
two decades earlier. When Harris et al. fused normal mouse fibroblasts with highly malignant
tumor cells, the resultant hybrids lost all tumorigenic capacity (Harris et al, 1969). Further,
passage in vitro resulted in segregants that reverted to malignant phenotype upon loss of
chromosomes (Harris et al., 1969; Klein et al., 1971). Two years later, Knudson, on the
basis of statistical analysis of clinical observations, was the first to suggest retinoblastoma
was a cancer caused by two mutational events (Knudson, 1971). In the hereditary form, one
mutation was germinal; thus only a single additional somatic mutation was required. This
results in early onset and a tendency toward bilateral tumorigenesis. In the sporadic form,
both mutations are somatic, resulting in a tendency toward unilaterally and late onset.
Comings later suggested that these two mutational events could occur within separate alleles
of a regulatory gene (Comings, 1973). Indeed, cytogenetic analysis of retinoblastoma
revealed characteristic deletions of the long arm of chromosome 13. Subsequent analysis
of this region led to the identification of RBI and elucidation of aberrant transcripts encoded
from the remaining allele (reviewed by Goodrich and Lee, 1993). Hence, a precedent emerged
where inactivation of one allele of a tumor suppressor is accomplished by mutation, leading
to the eventual deletion of the remaining normal allele through chromosomal aberrations
and loss of heterozygosity (LOH) is thereby observed in the suppressor locus. This precedent
is now considered the convention for suppressor inactivation and similar observations have
been made for several other suppressive genes (e.g., APC, DCC, VHL, TP53; reviewed by
Cox, Chen, and Lee, 1994). Further, LOH is considered indirect evidence for the existence
of a suppressor gene within the affected region.

Allelotype of Breast Cancer

Because the mechanisms by which loss of heterozygosity occurs tend to involve
large segments of DNA, it is possible to utilize the neighboring genes or known noncoding
sequences as indicators to identify deleted regions harboring putative suppressor genes whose
loss may be important in the genesis of the tumor. One such genetic marker is naturally
occurring simple sequence length polymorphisms (SSLPs). SSLPs consist mainly of
dinucleotide repeats, primarily (CA)n, which are repeated in tandem at variable number (n)
interspersed throughout the genome. To date, more than 5,000 such SSLPs with length
polymorphisms of approximately 10-60 repeats, termed polymorphic microsatellites, have
been identified (Dib et al., 1996; Litt and Luty, 1989). These polymorphic microsatellites
have a mean heterozygosity of 70% at an average interval size of 1.6 cM. Through known
linkage maps and comparison to physical maps, it is possible to select highly polymorphic
microsatellites at any position within the genome. Further, through PCR amplification of
these microsatellites and comparison with normal DNA from the same patient, it is possible
to generate a comprehensive map of allelic imbalances (allelotype) occurring in a neoplasm
(Weber and May, 1989).

Allelotyping of breast cancer has been reported in numerous studies, and numerous
regions of allelic imbalance have been described using microsatellites as well as the older
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restriction fragment length polymorphism analysis. As reviewed by Deville and Cornelisse,
compilation of data from more than 30 studies reveals a consensus of imbalances affecting
more than I I chromosome arms at a frequency of more than 25% (Table I). Chromosome
arms Ip, lq, 3p, 6q, Sp, lIp, 13q, 17q, 18q, and 22q were affected at a frequency of 25-
40%, whereas chromosome arms 16q and 17p were affected in more than 50% of tumors
(Devilee and Cornelisse, 1994). In addition, chromosome arm 9p, which was not evaluated
in these studies most likely because of lack of previous cytogenetic data implicating it, has
recently been shown by our laboratory to be affected in 58% of breast carcinomas (Brenner
and Aldaz, 1995). The loss of generic material in many of these regions has been corroborated
by either CGH or classic cytogenetic data (Devilee and Cornelisse, 1994; Trent et al 1993).
Further, some of these regions are known to harbor tumor suppressive genes whose loss has
been demonstrated through a variety of techniques, including Southern blot analysis and
FISH using gene-specific single-copy probes (Cox, Chen, and Lee, 1994).

While there is overwhelming evidence that these genetic losses occur, inherent
difficulties exist in determining the relevance of such losses to breast tumorigenesis. In
most cases, the tumors analyzed were of the invasive type and/or advanced stages of
progression, leading to the question whether these losses are causative factors of
tumorigenesis or consequences of the general genomic instability inherent to tumors. Further,
it is possible that certain losses may be selected for in the progression or clonal evolution of
a tumor to a more advanced type but not necessary for the genesis of the tumor. Some of
these questions could be addressed in part through comparative allelotyping of both
noninvasive and invasive tumors.

To address the relative timing and frequency of allelic losses of commonly affected
regions in breast cancer, microsatellite length polymorphism analysis was performed in a
series of preinvasive ductal carcinomas (DCIS) and invasive ductal and lobular carcinomas
(Aldaz et al, 1995). Twenty different loci were examined in each group. As expected,
frequencies of regional losses in invasive ductal carcinomas were similar to those in the
aforementioned compilation by Devilee and Cornelisse of analyses from more than 30 studies.
However, allelotyping of DCIS samples revealed that chromosomal regions 3p, 3q, 6p, lIp,
16p, 18p, 18q, and 22q were not affected by a high frequency of loss, while analyses of
these same regions of invasive tumors showed them to be affected in 10-40% of cases
(Aldaz et al., 1995). Our findings are in agreement with those of Radford et. al. who examined
61 DCIS samples (Radford et al, 1995). Because allelic losses affecting these regions were
not frequently observed at the noninvasive (DCIS) stage it can be concluded that alterations
of these regions are late events in breast cancer progression. More importantly, allelic
imbalances observed on chromosome arms 7p, 7q, 16q, 17p, and 17q (Aldaz et al., 1995),
as well as 9p as reported by others (Fujii et al., 1996), appear to be early abnormalities
because they occur in approximately one third of DCIS samples.

Lobular carcinomas constitute approximately 10-15% of all breast cancers
(Tavassoli, 1992). Histologically, lobular carcinomas have a very distinctive infiltrative
growth pattern and metastatic pattern (Tavassoli, 1992). In addition, patients with invasive
lobular carcinoma have been reported to have a higher risk of developing multifocal and
contralateral breast cancer than those patients with invasive ductal carcinoma (Silverstein
et al., 1994). To determine whether ductal and lobular carcinomas are subject to the same
pattern of allelic loss, comparative allelotyping of the two subtypes was also conducted in
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our laboratory. Losses of chromosome arms Ip, 3q. I lq, and 18q were more prevalent for
invasive ductal carcinoma than for invasive lobular carcinoma (Aldaz et al.. 1995). However,
8p losses or imbalances were observed in 36% of invasive lobular tumors but only 14% of
invasive ductal carcinomas. Interestingly, microsatellite instability was observed in almost
40% of lobular carcinomas, but only 13% of ductal carcinomas (Aldaz et al., 1995). This
phenomenon of microsatellite instability, also known as RER+ phenotype, is identified by
allele size differences between tumor and matching normal controls. First described as a
characteristic of tumors from patients carrying an autosomal dominant predisposition to
tumors of the colon and endometrium, microsatellite instability has been linked to defects
in a group of human mismatch repair genes: hMSH2, htLH1, hPMS], and hPMS2 (Aaltonen
et al., 1993; Fischel et al., 1993; Bronner et al., 1994). Resultant errors in DNA repair are
believed to be the cause of the observed genomic instability phenomenon. These data
suggest that invasive lobular carcinomas may arise by a mechanism of carcinogenesis
different from that of ductal breast carcinomas and appear to constitute a distinct pathologic
entity.

Targets of Allelic Loss

Chromosome arm 17p, as previously discussed, is subject to allelic loss in more
than 50% of invasive ductal carcinomas, and approximately 30% of noninvasive ductal
carcinomas (Radford et al., 1993; Aldaz et al., 1995; Radford et al., 1995). This high
frequency of allelic loss suggests that a tumor suppressor of relevance to breast tumorigenesis
resides in this region. Indeed, tumor suppressor p53 is located in this chromosome arm and
is known to harbor somatic mutation in 25 to 45% of primary breast carcinomas (Osborne
et al., 1991). In addition, germline p53 mutations have been detected and shown to be
causative in families with Li-Fraumeni cancer predisposition syndrome (Malkin et al., 1990;
Srivastava et al., 1990). Breast cancer is one of the neoplasms affecting patients with this
syndrome. In tumors from patients with Li-Fraumeni syndrome, loss of the wild-type
allele is observed with retention of the mutant p53 allele. Functional studies of cells with
mutant p53 indicate a change of phenotypes, including cellular immortalization, loss of
growth suppression, and fourfold increase in protein half-life which leads to p53
accumulation. Accumulation of p53 protein, observed by immunohistochemical analysis
in roughly 30-50% of sporadic breast carcinomas, was proposed to be an indicator of higher
risk of recurrence in patients with tumors positive for p53 expression (reviewed by Ozbun
and Butel, 1995). It is possible that early in breast tumor development, p53 inactivation
through mutation and LOH may be intrinsically linked to the development of subsequent
further genomic instability as suggested by findings in experimental model of carcinogenesis
(Donehower et al., 1995).

Although p53 is the most likely candidate for allelic loss on 17p, other reports
indicate that there may exist another distinct locus that may be a target of allelic loss. In an
analysis of 141 breast tumors, Cornelis et al. observed a strong association between p53
mutation and allelic loss of the p53 locus (Cornelis et al., 1994). However, in cases where
p53 mutation was not observed, allelic loss of distal region 17p 13.3 was always observed,
sometimes without p53 allele loss. Similar findings of distal deletion of 17p were also
observed in DCIS (Radford et al., 1995). While these findings support the existence of a
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second gene as target of allelic loss, further studies are needed to address this issue.
The long arm of chromosome 17, also frequently affected by allelic imbalance in

both familial and sporadic breast cancers, has recently been subjected to extensive analysis
because 17q has been linked to familial breast cancer (Hall et al., 1990). As a result, the
BRCA1 gene was isolated by positional cloning and mutations found to cosegragate with
the predisposing haplotype in affected kindreds (Miki et al., 1994). However, when sporadic
breast tumors with allelic loss of 17q were examined for BRCA 1 coding sequence alterations,
only about 10% of those with LOH revealed any change of sequence, and those mutations
were found to be germinal (Futreal et al., 1994). Cellular mislocalization of the BRCA1
protein has since been reported in sporadic breast tumors, although other groups have not
been able to confirm these results (Chen et al., 1995). It remains to be determined what role,
if any, BRCA1 plays in sporadic breast cancer. Another known suppressive gene localized
in this region, nm23 or NME1, has been shown to undergo allelic loss in as much as 60% of
breast carcinomas (Leone et al., 1991). However, analysis of NMEJ has not revealed evidence
of mutations (Cropp et al., 1994). An additional possible explanation for allele loss is the
existence of a yet-unidentified gene within this region as the target of allelic loss.

Loss of the RBI region 13q 14 has been reported for numerous neoplasms including
small cell lung carcinoma, bladder carcinoma, osteosarcoma, and breast carcinoma (reviewed
by Cox, Chen and Lee, 1994). These losses appear to be relatively early losses in some
tumors since 15-20% of tumors at the DCIS stage reveal allelic loss of 13q (Aldaz et al.,
1995; Radford et al., 1995). However, when allelic loss and expression are examined in the
same breast tumors, no correlation between the two is observed, suggesting that Rb
inactivation is not acquired by allelic loss and that another gene may be the target of such
inactivation (Borg et al., 1992). More recently, linkage analysis of high-risk breast cancer
families localized a second breast cancer susceptibility locus, BRCA2, to chromosome 13q12-
13 (Wooster et al., 1994). This suggested that the BRCA2 gene may be involved in sporadic
breast cancer as well. However, similar to the findings with BRCA1 on 17q, when sporadic
breast tumors were analyzed for mutation of BRCA2, mutations were infrequent, indicating
that BRCA2 is not the gene being targeted by loss (Miki et al., 1996; Teng et al., 1996;
Lancaster et al., 1996). Brush- I is another gene that has been mapped to 13q 12-13, proximal
to RB1. Analysis of Brush-I expression indicated it to be low to absent in 6 of 13 breast
cancer lines and decreased in four of four tumors showing LOH of 13q12-13 (Schott et al.,
1994). However, no sequence analysis has yet been reported, and the question of whether
decreased expression of Brush-I results from allelic loss involving large regions of another
gene has yet to be addressed.

Chromosomal region 9p2 1, as previously discussed, has been shown to be affected
by allelic loss in 58% of invasive ductal carcinomas and 30% of DCIS, suggesting it may be
involved in breast tumorigenesis (Brenner and Aldaz, 1995; Fujii et al., 1996). Previously,
the p16/NK4a/MTS11CDKN2 tumor suppressor gene has been identified within this region
by positional cloning and shown to be affected in 60% of breast carcinoma lines (Kamb et
al., 1994). However, when primary breast tumors were analyzed in our laboratory for
mutation of the CDKN2 coding region, few mutations were found (Brenner and Aldaz,
1995). More recent analysis, including FISH determination of gene copy number, methylation
of the 5' region, and analysis of expression, indicate that p16 is indeed affected in 40 - 60%
of breast tumors (Brenner et al., 1996). This observation of inactivation substantiates a role
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for p16 inactivation in the tumorigenesis of the breast and as a target of 9p allelic loss.
Chromosome 16q has been suggested as a site for the occurrence of primary

cytogenetic structural abnormalities in the development of breast cancer (Dutrillaux,
Gerbault-Seureau, and Zafrani, 1990; Pandis et al., 1992). In particular the long arm of
chromosome 16 was shown to systematically participate in nonrandom translocations with
chromosome I and 16q deletions were also frequently observed. Breast cancer allelotypic
studies have also systematically shown the common occurrence of allelic losses affecting
the long arm of chromosome 16 (Sato et al., 1990; Tsuda et al., 1994; Cleton-Jansen et al.,
1994). In addition to our observations (Aldaz et al., 1995), other investigators have also
reported the occurrence of frequent allelic losses affecting chromosome 16q in DCIS (Tsuda
et al., 1994; Radford et al., 1995).

It has been suggested that probably more than one putative tumor suppressor locus
of interest in breast cancer resides in 16q. At least two regions of chromosome 16q have
consistently been previously reported to show LOH: 16q21 and 16q24.2-qter (Tsuda et al.,
1994; Cleton-Jansen et al., 1994; Sato et al., 1990). Very recently, by performing a high-
resolution allelotype of chromosome 16 in DCIS lesions, we have identified three distinct
regions with a very high incidence (about 70% or more) of allelic losses among informative
DCIS samples (Chen et al., 1996). Two of the regions agree with previously described
areas: 16q21 at locus D16S400 and 16q2 4 .2 at locus D16S402. However, the region with
the highest incidence of LOH observed in our study lies between markers D16S515 and
D 16S516 (Figure 1). Within this region the D 16S518 locus was the most frequently affected:
20 of 26 DCIS tumors (77%) showed LOH at this locus. These observations strongly suggest
that a putative tumor suppressor gene(s) may possible be harbored at or in the vicinity of
this locus. On the basis of a YAC contig spanning the region of interest,we can estimate that
the minimum region with the highest frequency of LOH is no larger than 2-3 Mb. (Chen et
al., 1996). Furthermore, on the basis of the cytogenetic location of markers D16S504 and
D 16S516 and the distance to D 16S518, this area should be contained within bands 16q23.3-
q24. 1. This region appears different from another area of frequent LOH more distally located
at locus D16S402 in band 16q24.2. Both areas are 17 cM apart according to the Genethon
Linkage Map (March 1996) and several megabases away according to a comprehensive
chromosome 16 physical and genetic map. Further studies are necessary to identify the
target gene(s).

It will be particularly important to analyze for the occurrence of allelic losses at
the mentioned chromosome 16 regions in other less advanced hyperplastic breast lesions.
This analysis will be useful in our understanding of breast carcinogenesis and may help in
the identification of markers with diagnostic or prognostic significance.
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CELL CYCLE IN BREAST CANCER

Normal cell division in eukaryotes proceeds through an orderly cascade of events
manifested as a cell cycle. The machinery responsible for such progress includes a hierarchy
of proteins and complexes each exerting an effect on the next. At the top of this hierarchy
are the cyclin subunits, whose expression and stability oscillate in a phase-dependent manner.
Further, the expression of certain cyclin genes can be upregulated by different mitogenic
stimuli, for example, the upregulation of cyclin D I by estrogen (Altucci et al., 1996). Each
of these cyclins can associate in a non-promiscuous manner with specific cyclin-dependent
kinases (CDKs). When bound, the cyclins result in activation of CDK activity. However,
these cyclins are in competition with CDK inhibitors, which have the ability to displace the
cyclin and form an inactive complex with the CDKs. When CDKs are active, they
phosphorylate, and hence inactivate, other proteins with transcription-repressing activity
(Reviewed by Sherr et al., 1994).

Of the restriction points, G I to S is best characterized in breast cancer. The players
involved in this restriction point include cyclins D1-D3; CDKs 4 and 6, the inhibitors of
those CDKs p15, p16, and p 18 ; and the substrate of the CDKs, the Rb protein (Figure 2).
Collectively, these proteins are known elements responsible for regulation of progression
through G 1, and loss of function or disregulation of expression of an individual protein can
lead to loss of cell cycle regulation and proliferation. Of these proteins, the Rb protein,
cyclin Dl, and p16 have all been observed to be affected in breast tumorigenesis. As
previously mentioned, cyclin D1 has been shown to be both amplified in 10-20% of breast
tumors and overexpressed in the majority of breast tumors (Gillet et al., 1994; Bartkova et
al., 1994; Weinstat-Saslow et al., 1995). When cyclin Dl is over-abundant, it competes
with p16 for heterodimerization with the CDKs; when cyclin D1 is bound to a CDK, it
positively regulates the activity of the CDK which is able to phosphorylate and inactivate
Rb. Inactivation of Rb itself has been described in breast cancer, and when multiple modes
of inactivation are accounted for, Rb is inactivated in approximately 20% of breast cancers
(Borg et al., 1992; Varley et al., 1989). In addition, analyses of Rb and p1 6 have shown an
inverse relationship in expression of the two genes in the vast majority of tumor lines studied
(Okamoto et al., 1994; Parry et al., 1995). This is true in breast tumor cell lines as well: in
those lines retaining Rb expression, p16 is deleted, mutated, or otherwise affected, and its
expression is often undetectable. In contrast, those cell lines retaining p16 expression often
lack expression of Rb. Further, when primary breast tumors are analyzed forp16 expression,
approximately 50% show loss of expression due to homozygous deletion, methylation of
the 5' region, and rarely by mutation (Brenner et al., 1996). While CDK4 has not been
extensively studied in breast cancer, other neoplasms show overexpression or mutation of
the p16 binding site (He et al., 1994; Zuo et al., 1996). Thus, it appears that mutation or
disruption of either Rb or p16 expression or overexpression of cyclin DI or possibly CDK4
is sufficient to eliminate this pathway's control of cell cycle progression. The high cumulative
rate of alterations affecting these proteins in breast cancer suggests that abrogation of the
GI restriction point may be necessary for breast tumorigenesis.
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Figure 2. Schematic representation of GUS restriction point interactions.

The CDK inhibitor p2JWAFI/CIPI is known to be another negative regulator of
the cell cycle. Unlike p16, it is known to be a universal inhibitor of CDKs thereby inducing
arrest at both the GUS and G2/M restriction points (Xiong et al., 1993). Further, p21 also
complexes with proliferating cell nuclear antigen in vitro, resulting in inhibition of DNA
replication (Waga et al., 1994). Because p21 gene transcription is regulated by p53, it has
been suggested that p53-dependent cell cycle arrest is mediated by p21. Indeed, p 2J
nullizygous mice fibroblasts fail to undergo G I arrest following DNA damage although
apoptosis is unaffected in these same cells (Brugarolas et al., 1995). As previously mentioned,
positive p53 gene detection has been shown in as much as half of breast carcinomas, and
p53 has been shown to be associated with p53 mutation and a higher risk of recurrence
(reviewed by Ozbun and Butel, 1995). This would suggest that an additional possible
consequence of p53 inactivation in the tumorigenesis of the breast is the abrogation of cell
cycle arrest through loss of transcriptional activation of p21.

SUMMARY

Breast cancer is a complex disease in which numerous genetic aberrations occur.
It is unclear which, if any, of these abnormalities are causative of breast tumorigenesis.
However, on the basis of the currently accepted view of breast cancer as a multistep process,
it is possible that specific abnormalities may be required in the progression from a normal
breast epithelial cell to an invasive tumor cell. Figure 3 shows a schematic putative model
of breast cancer progression based primarily on epidemiological and histopathological studies
(Page and DuPont, 1992). Advances in methodology have allowed us to more precisely
determine the approximate chronology of some of these aberrations and the possible roles
each plays in the formation of malignancy. Simplistically, one could speculate that it is the
early loss of cell cycle control in the presence of a mitogenic stimulus that allows a cell to
divide unchecked. Such uncontrolled proliferation in the absence of wild type p53 would
yield a high level of genomic instability. As proliferation continues, numerous additional
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chromosomal abnormalities occur, and increased tumor heterogeneity would be observed
as distinct subpopulations emerge in the evolution toward a progressively more aggressive
phenotype. However, much still remains to be learned to gain a full understanding of the
key players behind the genetic evolution of breast cancer. Only by analyzing preinvasive
and putative early stages of breast cancer will we be able to characterize the most probable
sequence of genomic abnormalities.
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Figure 3. Schematic putative model of breast cancer progression.
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LOCUS AF179633 96371 bp DNA PRI 05-SEP-1999
DEFINITION Homo sapiens chromosome 16 map 16q23.3-q24.1 sequence.
ACCESSION AF179633
NID g5823550
VERSION AF179633.1 GI:5823550
KEYWORDS
SOURCE human.
ORGANISM Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Mainmalia;
Eutheria; Primates; Catarrhini; Hominidae; Homo.

REFERENCE 1 (bases 1 to 96371)
AUTHORS Bednarek,A.K., Chen,T., Laflin,K.J., Hawkins,K.A., Liao,Q. and

Aldaz,C.M.
TITLE Direct Submission
JOURNAL Submitted (23-AUG-1999) Carcinogenesis, University of Texas, M.D.

Anderson Cancer Center, Science Park-Research Division, Park Road
1C, P.O. Box 389, Smithville, TX 78957, USA

FEATURES Location/Qualifiers
source 1. .96371

/organism= "Homo sapiens"
/dbxref="taxon: 9606"
/chromosome= "16"
/map="16q23.3-q24.1; between D16S518 and D16S516"
/clone="BAC249B4; BAC286F3; BAC112B17; BAC36022'
/clone-lib="Research Genetics, Inc. CITB-HSP-C library"

repeat region complement(265. .541)
/rpt-faxnily= "Alu"
/rpt-type=dispersed

reipeat region 1099. .1397
/rptjfamily= "Alu"
/rpt~type=dispersed

repeat region complement(2501. .2778)
/rpt-faxnily="Alu"
/rpt~type=dispersed

reipeat region complement(3376. .3606)
/rpt-family= "Alu"
/rpt~type=dispersed

repeat region complement(3729. .3812)
/rpt-famrily= "MIR"
/rpt~type=dispersed

STS 7553. .7684
/dbýxref= "dbSTS :G22903"

reipeat region complement(8121. .8403)
/rpt~fanlily= "Alu"
/rpt~type=dispersed

repeat region complement(8601. .8864)
/rpt-family= "Alu"
/rpt~type=dispersed

repeat region 9337. .9590
/rpt-family= "Alu"
/rpt~type=dispersed

repeat region complement(10106. .10193)
/rpt~family= "MIR"
/rpt-type=dispersed

reipeat region 10503.-10750
/rpt-faniily= "Alu"
/rpt~type=dispersed

repeat region 11491. .11787
/rpt~family= "Alu"
/rpt-type=dispersed

repeat region 14683. .14864
/rpt~fami ly= "Alu"
/rpt-type=dispersed

repeat region complement(16507. .16781)
/rpt~fainily= "Alu"
/rpt~type=dispersed

repeat region 17333. .17625
/rpt-family='Alu"

http://www.ncbi.nim.nih.gov/htbin-posU/Entrez/query?uid=5823550&form=6&db=n&
Dopt=g
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/rpt-type=dispersed
repeat region 17830. .18117

/rpt-family= "Alu"
/rpt~type=dispersed

reTpeat region 19141. .19428
/rpt-family= "Alu"
/rpt-type=dispersed

re~peat region 19458. .19711
/rPt-family="MLT2B2"
/rpt-type=dispersed

reioeat reaion 21308. .21571
/rpt-fainily= "Alu"
/rpt-type=dispersed

repeat region 23421. .23707
/rptjfamily='Alu"
/rpt-type=dispersed

repeat region complement(25091. .25226)
/rpt-family= 'Ll"
/rpt-type=dispersed

reipeat reaion complemenit(25356. .25608)
/rpt~family= "MER7-
/rpt-type=dispersed

relpeat reaion complement(25775. .26032)
/rpt-family="Alu"
/rpt-type=dispersed

repeat region 27530. .27815
/rpt-family= "Alu"
/rpt~type=dispersed

reloeat region 28973. .29184
/rpt-faiily= "Alu"
/rpt~type=dispersed

reopeat region complement(29778. .29942)
/rpt~family= "MLT1"
/rpt~type=dispersed

repeat region complement(32318. .32601)
/rpt-family= "Alu"
/rpt~type=dispersed

reineat region complement(32812. .33114)
/rptjfaxily= "Alu"
/rpt-type=dispersed

repeat region 34781. .34837
/rpt-family= "Alu"
/rpt~type=dispersed

repeat region 35161. .35951
/rpt-family= "MER42-
/rpt~type=dispersed

relpeat region complement(39543. .39810)
/rpt-faxnily= "Alu"
/rpt~type=dispersed

repeat region complement(39994. .40187)
/rpt-farnily="Alu"
/rpt-type=dispersed

repeat region complement(43566. .43874)
/rpt-fainily="Alu"
/rpt~type=dispersed

repeat region 48563. .48668
/rpt-faxnily="MIR"
/rpt~type=dispersed

reipeat region 49091. .49373
/rpt-family="Alu"
/rpt~type=dispersed

reipeat region 50165. .50335
/rpt~family= "MLT1"
/rpt-type=dispersed

repeat region complement(52299. .52423)
/rpt-family= 'Alu"
/rpt-type=dispersed

repeat region 52862. .53272
/rptjfaiily= "MLT2B2"
/rpt~type=dispersed

repeat region complement(54582. .54832)
/rpt-faiily="Alu"
/rpt-type=dispersed

reipeat region 55726. .56056
/rPt-family= 'MLT1"

http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=5823550&form=6&db~n&

Dopt=g
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/rpt-type=dispersed
repeat regio~n complement(56053. .56309)

/rpt-faiily="Alu"
/rpt-type=dispersed

repeat region 57555. .57909
/rpt~faxnily= 'THEl'
/rpt-type=dispersed

repeat region 58410. .58622
/rpt-family= "Alu"
/rpt-type=dispersed

repeat region complement(59901. .60181)
/rpt-family= "Alu"
/rpt-type=dispersed

repeat reaion 60238. .60516
/rpt-family= "Alu"
/rpt-type=dispersed

reipeat region 61451. .61721
/rpt-faxily= "MLT1"
/rpt-type=dispersed

repeat region complement(63697. .63934)
/rptjfamily= "Alun
/rpt-type=dispersed

reipeat region complement(67062. .67361)
/rpt-family= 'Alu"
/rpt-type=dispersed

STS 68170. .68305
/db-xref="dbSTS:G43876"

repeat region complement(69661. .69955)
/rpt..jaxily= 'Alu"
/rpt-type=dispersed

repeat region 70746. .70866
/rpt-family= "Alun
/rpt-type=dispersed

STS 73190. .73332
/db-xref="dbSTS :G15501"

reipeat region 74482. .74622
/rpt-family= "MER3"
/rpt-type=dispersed

repeat region 74482. .74535
/rpt-fainily='MER33"
/rpt-type=dispersed

reipeat region complement(74584. .74626)
/rpt-family= "MER3"
/rpt-type=dispersed

repeat region 76820. .77138
/rpt-fainily="Alu"
/rpt-type=dispersed

relpeat region 78678. .78951
/rpt-family=~"Alu"
/rpt-type=dispersed

repeat region complement(79491. .79770)
/rpt-family= "Alu"
/rpt-type=dispersed

repeat region complement(80909. .81184)
/rpt-faiily="Alun
/rpt-type=dispersed

reipeat region 81261. .81364
/rptjfamilyu "Alu"
/rpt-typerrdispersed

repeat region complement(84469. .84695)
/rpt-family= 'Alu"
/rpt~type=dispersed

repeat region 85302. .85588
/rpt-family="Alu"
/rpt-type=dispersed

reioeat regrion complement(86554. .86724)
/rpt-familY= 'MIR"
/rpt-type=dispersed

repeat region complement(88516. .88612)
/rptjfaiily= 'Alu"
/rpt-type=dispersed

repeat region 89071. .89331
/rpt-faiily= 'Alu"
/rpt-type=dispersed

repeat region complement(90533. .90812)
http://www.ncbi.nlm.nih.gov/htbin-post/Entrez/query?uid=5823550&form=6&db,~n&

Dopt=g
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/rpt-family="Alu"
/rpt-type=dispersed

repreat region complement(91380. .91658)
/rptjfaiily= Alul'
/rpt-type=dispersed

repreat region 91963. .92288
/rpt-family= 'Alu"
/rpt-type=dispersed

reTreat region complement(92304. .92499)
/rpt-family= "MIR"
/rpt-type=di spersed

retreat region 93182. .93265
/rpt-family= "MER2 1'
/rpt-type=dispersed

reipeat region 93490. .94079
/rpt-family= "MER211
/rpt-type=dispersed

repreat regrion 94217. .94612
/rpt-faiily="Ll"
/rpt~type=di spersed

reTreat regfion complement(95236. .95546)
/rpt-fainily= "Alu"
/rpt-type=dispersed

retreat regrion 96212. .96360
/rptjfamily= "Alu"
/rpt-type=di spersed

BASE COUNT 29090 a 20438 c 19962 g 26877 t 4 others
ORIGIN

1 ctgaaactga aatgtcatca atccatatac actaaggaga gggacaatgg caggatgggg
61 gtgcacctgc tcggaagagg tatccacaac tcaccactca ctttaaaact ctgtggataa

121 cttcattcag aaacaaagtt aaggagagaa attgttaatg tggggtgaga gctcaaaaat
181 ttgcccagta aggactttgg ctgcattcaa atgctagaag gataaatatc ctcatcggaa
241 gctaaaatag caagggtttg tttatttttg agatagggtc tagccttgtc acccaggttg
301 gagtgcggtg acatgatatc agcttactgc aacctctacc tcctgggttc aagtgacctt
361 cctgcctcag cctcctgagt agctgggatt atagcacatg ccaccacacc cagctaattt
421 ttgtattttt agtagagatg ggatttcacc atgttggcca gggtggtctc aaactcccaa
481 cctcagggga tctacctgcg ttggcctccc aaagagctgg gattacaggc atgagccacc
541 gtgcctggac tgtcagttct tctaattcga gaagaaaatg cctatatcca taaaatcact
601 atagaaacca actgagcaga agaaccattt tggcgtagac aagccagaaa gaaaatcatt
661 gatcattcta ttacttctta agtgattaat ggtgagccaa cctatcatgt acaaatattg
721 tctatctgta tttaacacaa tggagctaag aagaatgtaa tacaaagcaa cacagatacc
781 ttacatcaag tcacaattac tcttgatctt aaagctagac agcaattgcc ttgaggttag
841 agactattcc agcaaggatc ctggcaaata gttggccctc cgaaattgtt tgttgaatat
901 ttaattttct agtctaaatg cattggaaac ttttattctc tgattttcct tgaaaatata
961 ttttggagaa aacctgtata ttagtttcct agaagttctg gtctgcaaga aaaacttaac

1021 taaattagac taacattttt cagattttgc ctgggcagca gtaactacgt agacaaaatt
1081 ttaccagggc caggcacagt ggctcatgcc tgtaacccta gcactttggg aggctgaggc
1141 acgtgaatcg cttgagccca ggagttttga gaccagcctg ggcaacatgg caaaatccca
1201 tctgtaccaa aaaatacaac aacaacaaaa attgggcagg catggtggtg tgcccctgtg
1261 gtcccagctc ccttgggagg ctgaggtagg aggatcactt gcgcccagga ggcaaaggtt
1321 gcagtgagcc gtgatcctgc caccacactc cagcctggca acagggcgag actttgtctc
1381 aaaaaaaaaa aaaaaaagaa aaaaaattac cagaagcttt aggggaccga aagatagact
1441 cataatgaaa aaaaaaagtg cttggaaaac aggagtcagg gtcttatacc tacgtctgac
1501 ctgatctgat atcatakaca agaaggcaga gcatttctct gaatygtgaa ctgatcccaa
1561 cttagaaaca tactcccatg ttgggaaaac acattgtctt tccatttgat acagtaagtt
1621 ctttgaaacc atcttctccc aaaggtagtg ttgtcaaaaa atagtcactc acacttatgt
1681 gaactctcag atggaccgcc agcaagagta catcagcaag ttcggcaagt gaattccctc
1741 accaataata aataaggagc aaagggaatg aagatgggca ttttggctgg attccaaatg
1801 caaaaacctg cctatctacc ttcaaaatga tgcaagattg cagtttgttt aatgttcatc
1861 ttatgtgctt aattaccgat agtgcttgac taattatttc ttgttttgta gactatttaa
1921 acagagaagg aaagcagcta tatactttcg tataccgaat gaggatttgt aactcatttt
1981 tgtaatcgca taattcccgg agggcttcat tacaaacacg aaagaaaaca ggatgctaaa
2041 agcaggtgac agtctaattt ccacaggtac gggtgaaagc attagagtga agtaatggaa
2101 aataaaataa aaaatagcct ttagatgttt ccatctatgt aaggtgtttt catgttaata
2161 agagagaaaa ctgcaaatac agcaaagata tcttcgtttg gtactggtgt cttttctgat
2221 gtctgatttg atccaacatc tctgaaataa accaccaaat agaccccagt tttcttattc
2281 acaaatgtaa gtgtttgaca agttgcatac ggtatcatca actcgtatca tgtctctgtt
2341 ttcactcttt tactttatct acttttgact ataaattctt ggtcatctaa cgccattaca
2401 ccagatttca aaatgtttag aaaaatgtga ggcttaaact aaaggataat accagagacc
2461 ctagagattc cagactgtta ggaattactt cttcttcttc tttttttttt ttgagacaga
2521 gttttgctgt tgttgcccag gctggagtac aatgacatga tctcagctca cggcaacctc
2581 tgcctcccaa gttcaagcga ctctcctgcc tcagcctccc aagtagctgg gattacaggc
2641 atgtgccacc atgcctggct aattttgtat ttttagtaaa gacagggttt ctccatgttg
2701 atcagactgg tctcgaactc ccgaccttag gtgatccgcc tgcctcggcc tcccaaagcg
2761 ctgggattac aggcgtgaac catcatgccc agccaggaat tccttctaag cacaaacaat

http://www.ncbi.nlmenih.gov/htbin-post/Entrez/query?uid=5823550&form=6&db~n&
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2821 gttgcttctt ggatggaaat cagatttggt ggtcacgagg ccaaaggcca aatttttttt
2881 tttttttgag agtggacttt aagaccaggg tggtattaca tgtttgggga agtgagagca
2941 gatcctgaaa aagtatgaga tgtggatttt gtccttatgg catgaagaaa ctaattggga
3001 atttgaaata agacatttga aacaacagca aacaccatct ttgacatcat gttgtcaaca
3061 tcagagggtc caccatttat caagctctta cggtgtctca tactgagatg caatcttcac
3121 ttcctcttac attgtcacaa aagcctgccc ggcatgccca accagctctt tttccagatg
3181 ttgcaactga ggtctatgac cgtgaaagat gagctccttg ccctcaactt cgattttctt
3241 atctgcgttt ttctgcctta acaagtactt aggattacag aagttaattt gcttctagta
3301 aattcctcct tccctccctt cctcctttcc tcccttcctt ccagatccag ggtgaagtgt
3361 agtgacacaa tgatagctca ctgcaacctc aaattcctgg gctcaagcga tcctcccacc
3421 tcagcctcct gaatagctaa gactataggc atgtaccact atgacaggct tttttttttt
3481 tttttttttt tcattttttt gtagagatag tattttgcta tcttgcccag gctggtctca
3541 aactcctgga ctcaagagat catagggatt ctcctgcctc agcttcttga gtttctggga
3601 ttacagccat aagcctggcc tggtaaattt caagcaagca acttcactaa cattgtcagg
3661 atagaagcca gactactggg tgttgcaggg aaaggggtct ataaaggaaa ttaaggaata
3721 aaatgggtaa catttacaga accctcacat gcaccaaaca gtgtgctagg ttcttcatac
3781 atattatctc atgatatcct catagcaacc ctgtaaaata ggtgttaata taattatagt
3841 taacatttat taagtgccaa tgtgcttcag agattaaacc aagcctttta tatgtgttat
3901 ttcatttgat gctcccccaa gccctataaa atagttttga ttatcatatca tcctcattta
3961 gctgaagaat aaactgaggc ttagagaggt caatttgttc caaagttatg ataattactt
4021 tactcaattga caggggcagg aattgaaccc aggggcctgc ctgcaaagtc tgtacttccc
4081 aatgtcatgc taggccatca ttcagcatgg tatttttatt tattgtaact cagacaagct
4141 cagtcatctg cccaacgtca tgaggctaag gagttctggc tcaggattcc catccatggt
4201 ctgtcctcct gaatagcatt cagcaccacc tcggaagcag gcatggctgc tcaagaggca
4261 gggcagttgt attccgaacc ccagtggata cttactgagc cagtactagt tatgctaaaa
4321 actacaggga atgctttgtc ttaggggatc ttcctctctg gtgacgcaaa gagaagggac
4381 ctgctagagc ctataaaaac aaaatcatct gacctgtaaa aggcacaaga ggggatttgc
4441 aattgaacag acctggattc caatcccctc tcatccagga gtatctgtgg gcgctgaagt
4501 catttagctt tttgggctgc tgggcttagc tataaaatgt atataaaact acctatgttg
4561 ctgtgtggta gagtgagttg gacattatac atccaaggat atttctagat tcattcctcc
4621 aataaatatt gtcttccacg tgctaagcct tcctctaggc cctgaagtac aatagtgagc
4681 aaaagagaca aaaatctcag tacttacaaa cttacattct tctagagatat aggageaaetaa
4741 acacaaaact catgtatgtc tatgtctcta tctatgtcca catctatgtc tgtatctatg
4801 tgatataata agtgccacaa ggaatacaaa gcaggaaaag gaagagaggg tgcaaggctc
4861 agagaggcag gctgccattt tatagtgagt ggtgagaaac agcttcactg agaaagtgtc
4921 agttgagcaa agccttttgg agaagaacag ctcatggtgc tacatggaag aatactccag
4981 gcagaaggag cagcaaaggc aaagcgtctg agacaggaac acacctggca tgtctgagga
5041 acagctgaag aagaacaaga ggccagtagg tggaaaaagc tcacaggggg gaggcaggcg
5101 ggtcagaggg gggaggcagg cagggcatac agagggtttg gtgtcctact gtgacgattt
5161 tgccttttaa tcagcctgaa atgggatata aagtcttaga tggatgaaat aggaataact
5221 tttctcgttt ccttcctcgt ctgactaaat taacagatga aggaattgtc aaaatacaaa
5281 accttcttcc ttactgaacc cactgacctg gcagggcttg tataggaaaag aatttgtttc
5341 tagaagagct atttaaatgt cctggacctc ttcgaaccag cagaaatagg aaccagttaa
5401 cttaacaggc aaagtaataa gactatacag aggaaacaca ttttcctrct ttatgcctta
5461 attttaagta gagttacaag atttcctgta ggatattcaga gtgttatctt attttatgcc
5521 ccaaactaga aagagcgttc cactgggttt gccaagctgt tatagatgaaa atatctgttt
5581 gagcacagca taatagatga ggtgtttaag gcattttcct ttagattttt ggttaatctt
5641 cttttagtta attttctgag ataaaatcca gttataaata acctgagggt accctaactg
5701 ggctgttctg agaatggcaa atctttaata gccagaactt ctgcctttta gagatctcta
5761 gagaaagcag tactttgaaa attatccaaa gcaaaataag tcgaaagcat taacaaatta
5821 aagacagtgg gagagagaag aaaggggcga atgagaaact tctttgacat tcacaagaca
5881 gcagatctta cccttgaaac tcctttaaaa aaaaaaaaag aagaagagtc aagcattcac
5941 aatctatttg ttgattaaca acagagaact ggtgagtttc tgtcataaca gagtctcgga
6001 aaattcatcc tttttcacaa aaggaaagga gagaaaattc cagacaaaac acccaaagtg
6061 cagaagaaag ggcatggcca taagcagcca tcacttagac taaagtacaa tgggtacaat
6121 attaaaataa gaagttttag aactgctttt aaagatagct ggcggaagaa ttaaaaaaaa
6181 aagaaaggaa aaaaacctta agtgttttcc gttgttaaaa cgtaaagcaa atatttataaa
6241 aggattataa ggtagcatag gtaagaaagt catgtaaact agttgaaata tccagagttc
6301 ctcagcacaa aaagagcagg ttggcagctg tccatctgca gtgtatatag taccatggag
6361 cctgtttata aaaataagag agggtgggag acctaaagtg ggtataactc aaaacaaaac
6421 aaatctgtag gactagataa gggagggtga ttattcccag gtactaatag gctaaatggt
6481 atcaggagaa agaattagaa caagtttcta ctaagcaata aaagtgtgga agaaacattc
6541 ttttaaaaaa cgaatgagat gccctagaaa cctgtaagtc aataaccgtg tcaccaattg
6601 taggattatc caggacatgc agagcctaca ctgacaggcc agttgaaagg gtagacacag
6661 ttgtaatcga ctaggaaatt gccactgtgg cttagaaaaa ccaagtcttg tttatgggtt
6721 tgcctccatc tttctaagct tctataaaag gtggctggtg aaatgtaccg ggattctgac
6781 gatactcacc ttgagataag ggatatgaag agtcgggaac agaggcaaag tgaattccat
6841 atagccaaga acagacagaa ggaaaaacag attaaatagc aatcaaaaca ctgtcctcca
6901 cttaatgaag tggactgtca aactgatttg ctattttttt gttttaatca ttctagccag
6961 gcagatcaga cactcgagaa ttagagaaat actaatttgg actagacact ggaaatgtct
7021 tatatactgg gagcatcata aagctagaga aggcttacaa agcaagatgg ctgccactga
7081 gatcagcaca ctggggtttt taacagaaac ctattacttg atttactggg agtggtagaa
7141 ccctaaagaa gcggtgaaca tccaacactg aaatttgagc tggctcttcc tcagaaaggt
7201 ttcagcggct taatctcatg caatcttgca acattcctga attcaaaccc atgaagtaga
7261 gagtcagccc gagaccctct tcagaatcca ccgagtctgc tgggcaggaa gagctagctt
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7321 gttgagttgt cctgctgcaa atgaaatagt aactttctica gaagcatagg atattgaaag
7381 attcctttaa gaggccaagt cctcaaaggc atgtatgcaa cgtgaagtca tgggggcagg
7441 ccttcctggt tccaatgcat gttttcacag ggttgtgtct ctatgcttga aggggagctc
7501 ttgggcctat ctgagggatc atttaccact tgctgtagga aagtccagtg gaaatcactt
7561 ctagtggtga gtcttggcca aatatactcc tatgtagaag gcctgtgtag gaggttatgc
7621 ttggaacagt tgagtagatg ttctggcaac ctgtgatggc cttactaagt catgacagtc
7681 agccaaaaaa aaaaaaaaaa aaaaaaagaa aaaaatcttc tggtcacaga cacagttgaa
7741 ggtgtttcaa tttttgtcca ctacccattg ccaacatgtc tttaagtcac ttgccatcag
7801 aatctgtagt ggagaccatc cagacatctt ttgccatgaa taacatcaag ttcttcctgt
7861 ataccaggcg ctgcagtgag ccctggccag gcaccacatc aggctcagac aagtccataa
7921 ttttttgaaa tcgacccagt tggaggtagc agaaccagga ctgcattcca agggagcggg
7981 acttgacagc tttagcaact gcgtctgctt tccctccgct cctagcctct cactcaccca
8041 agatcatgtc tgttcaggat gcagctctct attcaactcc ccaactcagg gcctcctttc
8101 ctggcggctc aaatggaagc tttttttttt tttttngaga cagagtctcg ctctgtcgcc
8161 catgctagag tgcagcggcg ccatctcagc tcactgcaac cttcacctcc tgggttcaag
8221 cgattctcct gcctcagcca ctcgagtagc tgggattaca gacgtgtgcc accataccca
8281 gctatttttt ttttaaataa ttttagtaga gacagggttg gtcaggctgg tttcaaactc
8341 ctgaccttgt gatccgccca ccccggcctc ccaaagtgct gggattacag gcatgagcca
8401 ccgtgctcag ccagaacctt tctttaactt gattactgtg ggtagttaca cattttcaat
8461 ggccactaga atgaagtctt cagagacact aggacctgac ctgtgattgc ccctcgctat
8521 actcccaggg actaagcaca tggcctggca aaaaaacata gccttccaaa tatctcgttt
8581 tattttacta ttttatttac tttttgaggc agggtctctc tgttgcccag gctggagtac
8641 agtggtacaa taacagctct ctgcagcctt gaacttccgg cctcaagcaa tcgtcctcct
8701 cagtctccca agtagctggg atgacaggca tgcaacatca tgcccagctg agttttaaaa
8761 aatattttat agagatgagg tgtcagtatg ttccccaggc tagcctccaa ctcctagccc
8821 caattaatcc tcccacctca gcctccaaaa gtgctgggat tacaaggtat aagccactgt
8881 gcctggccct ccaagtattt aaaatgaatg gatatctccc aaagactaag ctgtaaatgg
8941 ctgaacaact tacattctta ccacatctgc tagatggtaa atatttgtgc tgctatttaa
9001 aagaaaaaaa aaatcagcat aaggagatag tcaacttgaa gggtgatgac cagatctctg
9061 ataataggag ctagtccctt cttaattcca attaggagct acacgttggt aattagtgac
9121 attcaaacct ctatctaaaa caaattttta aacttttttt atcaagcata attacatgca
9181 gaaaagcaca tacataataa gtgcacgact caaatttttc acaaactgaa tacgcatgga
9241 accaagaccc agatggagga agagaaaaag gactagcatt taaagaaggc ctctgggctg
9301 ggtgtggtga cttacacccg taatctcagt acttcaggag gccaaagcag gaggactgct
9361 tgaggccagg agctccagac cagcctgggc agcatagcaa gacctcatct ttacagaaac
9421 acaaagatta gccaggcatg gtgaaatata cctgtggtcc cagatacaaa ggaggtcaac
9481 atgggaggac tgcttgagcc ctggaggcca agcctgcact gagctgagat cacaccacta
9541 cactccagcc tgagcaagag agcgagaccc tgtctcaaaa aatattaaaaa taaataaata
9601 aaaggggcct ctgcatgtga agtaagtgtt gatgcttcaa aaaccaccaa gatggcagct
9661 tcggaaggca aagaaagaga aacgcaggga gtggttgggg acactgcctg tctatggttt
9721 tgagcactgg ctgcaagcaa atgtgaggta agcaaaagga tgagaaagac agtgagcatt
9781 tactgaattc ctaccatgtg ccctaaggta ttttagttaa ttatttttaa aacaaagaaa
9841 ttgaggctta gagtgattaa tgcacttgtt caaggccaca gatgccaggc ctgtgtgaca
9901 ccacagcccc tttatccccc actgtaattc actgtctcat ctctcagcct ggcatttctt
9961 tcctttaact cccttcttta aaaaaagatg gctattttca taataatgac gttagtaata

10021 gctttaatta taactttgtt gagtcctcag tctgcaacaa gtgttttccc tacattattt
10081 ccttatgccc atctttctta tgagaaaact gagacttgga gaaattaagt aaacttttct
10141 gagctctcat agagatctca gtaatagcag agctgggatt tgaatccagg cagcctggtt
10201 ctatgggttg cactgttaga catcgtctct aaaagtacat gcaattataa ccagaattcc
10261 tttataattc cgttcctcta attcctcatt agaagtggaa atgaacgtct tacgtacttc
10321 aaacactggt tagaagggtt gacagaaatt ttgtgcccta gactagagat ttctctccag
10381 ttggcccttg ttgagtggca tctgagaggg tctgcaaggc cacagccaag ctctccctag
10441 ggcatggctg gaagaaaata ggttgagggg ccagaaagga ggggcccagg gtagggcctg
10501 ggggctcaca cctgtaatcc cagcgctttg ggaggccaag gtgggcggat cacttgaggc
10561 caggagtttg agaccagcct ggccaatatg gtgaaacccc tctctactaa aaaagataca
10621 aaaaattagg tgggtatggt ggtgcctgcc tgtagtccca gctgcttgga aggctgaggc
10681 aggagaattg cttgaaccca gaaggcagag gttgcagtga gctgagattg cactactgca
10741 ctccagcctg agcaacctgg taatagccat ttctctagag cctgtcacct agtgcatttc
10801 ctagtaagcc tcaatttagg atttagattg tcaccacagc tccagagtca tccaagcgtg
10861 aactggctcc ttggagatct tgtcacctgt gtctcacagg actcatttct gaccacccag
10921 gtgcagaagc actggaaact gtggtggaca caagcttcat cgaagcctgt gccaaccatt
10981 cagttatcac cctggtgctt tgcaaacatc attacaaggc tttaatccag gcatcgagac
11041 tcaagttcac ccagtccctc tcctgccact gtgacatggt tattcagcag gttcagcagt
11101 gcatacaggt tataagatata aggacgaagc catgggggga aaaatccccc ctctttctgt
11161 cttaggacag cagcgggggt ttttacccct gattgcctca ttaaaaaaaa aaaaaaaaca
11221 accttcacga aagttgggaa ttactatatt caatgtagaa tgccatttgt tcattcattt
11281 gatattcaac aagtatttac tgaattgctt ctatgagcta taggggataa tttaaaaact
11341 tgttttacct cgagaaatta atittccccag aagaattaac cataagcaga gtctatgaga
11401 ccctggctat tgggacactt aagactctgg tggttgtggt aaaccagaat caggcggaca
11461 gtttcagatt taaaggaatt gattagatta ggccgggcat ggtggctcat gcctataatc
11521 ctagcacttt gggaagctga ggtgggcaga ctgcctaagc tcaggagttc gagacaaccc
11581 tgggcaacac ggtgaaaacc cgtctctact aaaatacaaa aatttagctg ggcatggtgg
11641 catgcacctg taatcccagc tacttgggag actgaggcag gagaattgct tgaacccagg
11701 aggcagaggt tgccgtgagg caagatcgca ccaccgcact ccagcctggg caacagagtg
11761 agattccgtc tccaaaaaag aaaaaaagaa ctgattacat tggtaggggt gagaagagag
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11821 acaaggggag aagaggagga agaattacat atttaaaaga tcagtgaggg ttttttgttt
11881 tttttttaat ctgacacaga aaaaatgagc tctgaatctt gaatcaagac attgtatcaa
11941 ttccggttat ccccatgatg gcaggtcatti caagcttgga ccttagtctt cccatctaca
12001 aaatgggaag gtcaggggag atgtccttta atggaccttg tgattctaaa gtttgaaaaa
12061 cttatgattc ctagaatgaa aagaagtaat gtgtgtctat acatttattt agtcaaagaa
12121 actgggtcat tgtcatcaag caaaacagaa accagagtcc tgaatgtgta tcaacagaat
12181 cttgaggaag cagattacct gccatccagg atcttagggt taggagatgg aaagcaattt
12241 cccccttcct gtttgaggat tgagtcatgc cctgtcagag cacttaggcc tggccttaca
12301 catggacagg tgacagacca atactttgat caatgatttg tagttgatgg aagaagtccc
12361 ctggaggact ggaagacaga tcagtggaga gactttgatc tgtgtcattc agcttccaaa
12421 acctttaagc tcacataaac atagactccc aaggcactga cgtcaatgat aaatcccatg
12481 ttctccaaat gtgctggccc ctcagttatt tgggaaaaaa gagcccatga gtaaaaggga
12541 gataaacata cacacacaaa cttactccaa agcaaatgct gagtcttctc tctgctggct
12601 tttggctctg ctaagaggct atctgggggc aagacttatt gttgtttaga aactagaaat
12661 ctacaactca gcagctcttg ctcatctaaa tcagagtggg cgatgcactg taagtaggcc
12721 accactcccc acgtccacaa aaataccgca gaatcagtaa cccatcatga caccctttcc
12781 caacgagccc atgcgcagtg tcaaaatcct tttcaacaca gcacttcaat cggctgtttc
12841 atattgaccag acttgggtca tgaaatgaat cctattttac atccttcatc taaattgtta
12901 ccggatgagc tgggagggag ggctgtgtgc acttcttgcg tataaacttg tgttggtgac
12961 tgtagtccag gcaattgcca atatatagaata gaatccataa aaaccatttt gagtaggaaa
13021 gacaggttgc agtctggatg cttggaaaag taggcacttt ctgactgaag ataatcacaa
13081 ccaactctcg gactttcctt gatccccttc taacccctaa gtgtttcatt tccagcaggg
13141 tgacaggata gagatctgct tcagggaggc ttggacccca cccaccatag agtccacaga
13201 acatgaataa gtcagctgat ggttgactaa aacgtatata caattttaat tacatatact
13261 agtgtattta aaatttcatt ctaaactaat gtaatcaaaa ctaatgtaaa taaacataca
13321 gtggttatct ctgaatgata ggactacagg tgatttttat tttcttcctt taaaactttg
13381 gcctttgtga ctttttacag atcgcatgca tgtgtgtgtg tgtctgtgtg tacatgggtg
13441 tgtatggacg tttgcacgca ggtgtgtttt aatggaaaaa ggggggaaaa gtgcaaattt
13501 ctaagggatg caaagacata ttaaaaatcc atgagacaat gagatagcat aaggactaga
13561 agagctgcag gtctttcctc tcctgccaga ttattaatgg tcattatttg agggttaggg
13621 gcatgtgaati tttagacata tatagtgagc cagagcctat gaatggctca tcagcattgg
13681 ttccaacgtt cccttcctct cttcaatctc agagtgactc ttgctaaact gttggacaga
13741 tagtaacaga atttgtctaa ttatacagaa tgggtgaaaa tctttctatg ttcctgtaac
13801 tattggctca gtcacctgat ttaatggtcc tggaattcat tttttatgac tttattaatg
13861 tgaaattcac ataccatatg atttaaccat tgtaaatata cagtttgatg atagtatatt
13921 tatccagttg tgcagccatc accacagtct tgtcctagaa cattttcttg accccccaaa
13981 attgccccac cctttccagg taatcccctc cactcactcc cagccccagg caaccatcat
14041 tctgtttgct gtctatagag tttcatcttt tctagaaatt tcatataaat gtcatcatat
14101 actatgtggt cttttatgac cggcttcctt cacttagcgt aatgtttttg aagttcatct
14161 atgttattaa aggtatccag agttagttcc ttttcattgc tgagtagtat tccattgtgt
14221 cgatagacta catttgtttc tccattcccc agctaatgga catttgggta tttccggcgt
14281 ttggctatca tggatgatgc tgctatgaac attcatgaac aagactttgt ataagcattt
14341 attttctttc cagtaggttc ttaggaaggg aactgctgag ccacatatgt gtgtgtttaa
14401 ctttttaagg cactggacaa ctgtttccaa attcattgta ccattttaca ttcccaccag
14461 cagtgaatga cagttctagt tcttccacat tttcacaact cttgggataa taaatctttt
14521 tggttagagc taagctagta ggcatgtcat ggtctggggc tagaactcat tttacagtgg
14581 cagcgatgag gtcagaaaag gcctcagatt ggcagtataa aaattagttc cgcaatttac
14641 agctcacagc tcaccagttg taggacttta agaaactgac ttaattagcc aggcatggtg
14701 gcaggcacct gaaatcccag ctactcgtga ggctgaggtg ggagactctc ttgaacctgg
14761 gatgttgtag ttgcagtgaa ctgagattgc accaaggcac tccagcctgg gtgaaagagc
14821 aaagctccgt cttaaaaaaa aacaaaaaca cacacacaaa aaaacaaaac acacacacat
14881 acacacacac acacacacac acacaaaatc atttaacttc tctgagtctc agattcccca
14941 tctgtcaatt ggaaactata atagctctag attatgaaga gtcaccagtt gaggtaagat
15001 gtgtaaaaga ttgtgcctaa gttcccattt atttctggaa caaaaagtat attgataatat
15061 atgtacataa atatagaaagg gatatgaaaa tagacggcgt tggtattctt ttcttctgtt
15121 aaccaagcca agatgttcac tccattttcc tttgcaccta aacttcttgc actcccccac
15181 tcaccagtgt gccatgaaga tgagttgcag ttttgtctgt ctcatcttct ccacttttct
15241 tgtcattgac ccaccccttc tcatcattaa ccacttttag tgagctaaga acataacaga
15301 aggcgccctt ctccaattgt gaatacttcc tcaagccttc tccttccaca aagtcaagaa
15361 ggactagacc cagcctgcaa taggagcgtt tatgacaaat cacaaatttg aaaccctttg
15421 gctatcatat ttatgcagct ggtggcaagg gttcatattt gaagcttcag accaaagaaa
15481 gagtttgctc ctcagccctg atgctgcagg cttggcttct gagtgtggtc acctactgac
15541 cctactattt taagaaaaac tggaaaggcc agtaatttgg atatggtcct agctcaagat
15601 acattacaga ctgtccccaa ttccctggat agcccgtggc tggaaacagt gcattcctgg
15661 tttattgcca atgtccttga tttgcgtgct ctgccattta cttagaacaa tcaggctacg
15721 ttgcaagcca gggcaacaaa aacaccgcca ggagccaaat aggctcacag gggatgcacc
15781 agtgccttgg tggccctgaa cacttaagtg attttgttcc ccttccaatt tcgtgtggta
15841 cattagcttt tatcgatagc tcatagcttc agcaactgtt cttcgtttta ctaacctgaa
15901 ggacagagga acaagaggta cccacacagc tgatatgcaa gaaaaaaaaa atagcacggg
15961 atgtcttgat cagtctcaat gatttcttcc cttgctacag ctctccttta atgagggagt
16021 cacaattatt gcaagttaat catgtctcag tcccccagag ggagaaagag tgaaatgacc
16081 acttgaaatc tgaccgtggc tccctccaag aaaatcctgg tggcacagcg aggcattcat
16141 gaaactgcgg gctctgattt atatcactgc tatggagact ggcagaagga ttcttcggtg
16201 ttttcataat acaactacta aacaaaagtt agcccaggag ctagatggga aatctatgtt
16261 atggaagaga aagagatcaa ttttttcatt gctctaaaaa acttaacatt tccaactaga
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16321 atctgcacct tggagcaatg cagtgagtct atgactcacg gatgctgtga atgctgtaac
16381 tgcttccctt tctgcgtagt atgtgatcac ctacggtttt taaaaaccat tattgttaaa
16441 atcaaaacaa tcacagatat gatttgttga gtaactatca caaaggccag acacaattct
16501 tgtttatttt ttgagacgga gtttcactca tcgcccaggc tggagtgcgg tggtgcaatc
16561 tggctcactg caaactctgc cttccgagtt caagtgattc tcctgcctcc gtctcctgag
16621 tagctgggat tacaggcact tgccaccaag catggctaat ttttgtattt ttagtagaga
16681 tggggtttca ccatgttggc caggctggtg tcgaactcct gacctcaggt gatccaccca
16741 cctcagcctc ccaaagtgct gggattacag gcttgagcca cactgcacct ggccggccac
16801 acacaattcc ttigcacttta cctaccttgc ctcaattcat tctcacagca atctaaggaa
16861 ttataaattt gtattgctat tttgtggcaa aggaaactga ggttcaggga gcatttgaaa
16921 ttgtcaaaag cctcagcaag gaagagaaag agccatgatg tgaatcaaag tccactggag
16981 tgtaaagatt tatctatggt gttgacctct atctgccctt cacctgacgt acttctttta
17041 aggaaatcag tcatttaata agtcttgcaa gttgtcttac attatttatg agattggcaa
17101 ggaataacag agaaagtgaa gaagggaaaa aaataaagga agagagtaag tcaaggaaaa
17161 aaaactgatc gcatcctaaa tcattctctt aaacatatcc atcgcacaaa catacaacct
17221 ttagcacttt aaaatgtacg gagtttattt tacatattaa catatgtaat atgttaataa
17281 gggtgtttaa catattaaag cattaacttt aaaaaatgga atttgaaagc caggcgcggt
17341 ggctcacgcc tgtaatccca gcactttggg aggccaagat gggtggatca cttgaggtca
17401 ggagttcaag accagcctgg ccaacatggt aaaaccccaa ctctactaaa aatacaaaaa
17461 ttagccaggt gtggtggtgc acgcct~gtgg tcccagctac tcggggggct gaagcaggag
17521 aatcgcttga acccgggagg tggatgttgc agtgagccga gttcacacca ctgcactcca
17581 gcctgggcaa tagagtgaga ctgtctcaaa aaaaaaaaaa aaaaaaaaaa aaaaggagtt
17641 ggagaaaaat agccacacag ctgtttttaa ttaccaaaga tccattgttc atctgtgatg
17701 tgtcagaccc tgtgctaaca gggaatctca gagctgggcc caatgggacc tcaacagaca
17761 cagccagaat cacatcatgg aggttatgtg cagccctgtt. tcaaaaagcc aaatccaggg
17821 ctgggtgcag tggctcatgc ctataatccc agcattttgg gaggccaagg caggcggatc
17881 tcctgatccc aggagtgtaa gatcagcctt ggcaacatgg agaaaccttg cctctacaaa
17941 aaaatacaaa acttagctgg gtgtggtggc atgtgcctgt ggtcccatct actcaggagg
18001 ctgaggtggg aggatggctt gagccccagg agatcgaggc tgcagtgaac catgactgca
18061 ccactgcact ccagcctggg caacagagca agattctgtc tcaaaaaaaa aaaaaaatct
18121 gtaaagtaaa aaagggctcc attctgtatt atcttcagat atccaacatc aaaaatttat
18181 aaaataattc ctgatgaatt aaccatagat ttactgtatg accccgtaat tccactccca
18241 ggtaggtggt taggtaggta gtttggcttg atataaatac atatccctaa gaactggaaa
18301 taggtgttcc aacaaaaact tacacagaaa tgttcagagc agctttattt gcaatagtca
18361 aagggtaaaa acaacacaaa tgcccatcaa cagatgaaag gagaaaaata tttggtatat
18421 ccatacaatg caatgatatt cagccacaca aagagagatg gacatgctac aactgtggct
18481 gaacctcaaa aacacgacgc taagtggagg aggccaatca caaaagacca tatattgtac
18541 aatagcattt ataggatgtg gacatagttt tttgagagcc atcattccaa ctcactatgc
18601 ctgtgatagt ttgtttatga agcaatagaa aactagtaca gtgaccaccc attaatttat
18661 tcatttgttt gttttgccgg ttcaacagat acccactgag cacttgctgt gtgcgaggca
18721 ctatgctggg ctccagaaac actgagtaaa taagagactt cgtgcctgcc tgaatacatc
18781 ttatggttgg gagattcact cttaggccct tctcacaaag ggagccacaa tgccgaaaga
18841 tcacgaggac tactgatggt tttgagctgt gacactaaat cagcagggac cagtggtcca
18901 ttggtgactc tctgatgaaa gacaagtacc ctcttcccag gtacaaatgg aatataatgc
18961 tgcatattat ttcagaagat tctaagatac tcagggtcca ttcatcaagg tccatagtta
19021 agaacacttg gcctagagat ttttgagatg actctgaaaa agaaatatac taagtagaga
19081 atgtactgcg agtgtctgct cattgtttcc aagttaaaac ttacttggct ggctgggagt
19141 ggtggctcac gcctgtaatc ctagcacttt gggaggccaa ggcgggtgga tcacctgagg
19201 tcaggagttt gagaccagtc tggccaacat ggtgaaaccc catctctatt aaaaatacaa
19261 aaattagcca ggcttggtgg tggcgcctgt aatcccacct acttgggagg ctgaggcagg
19321 agaatcgctt gaacctggga ggcagaggtt gtggtgagcc aaggttigcac cactgcactc
19381 caccctggca acagagcaag actccatctc aaaaaaaaaa aaaaaaaact tggcataacc
19441 accatgatgt ctaattgtat gtgtccactt gactgggcca caggataccc agatattatg
19501 ttaaacatta tctctagtgt gtccatgaag gcgtttctgg aggacattaa cgtttcgatt
19561 agtactatga gtaaagcaga ctgcccttcc caatgtgggt ggcttcatac aatctgttga
19621 aggcctgaat aaaataaaag gctgagtgag aaagaactgc ctctctatgc ctgacttcaa
19681 gctgagacat cagcttctcc tgcccttgga ctcagacttg gatatggaat ggaactgatg
19741 cctttttatc tcctgcttct cagctgctca gactcagaca tgaactgtac cattggttgt
19801 cctgggtttc gatgtctcag tctctgtaat ttcatgagtc aattccttat ttaaaaatct
19861 ttatatatat ctttatacat atatacagaa aaatgtgtgt gtgtatgcac ttgtgtgttt
19921 atagatctat attgaatact atatatatac attatacact gtattagtac acagtgtata
19981 gtacatacac tatagtgtgt atatgtatac tctatatact atagtgttta tatatattat
20041 ttagtacata taatgtatag atatagaaag acacacccat aggtgtgtat agatacagaa
20101 acacacaccc ataggtgtgt ataggtacag acagacacac ccataggtgt gtatagatac
20161 agacagacac acccataggt gtgtaaagat acagacagac acacccatcg gtgtgtatag
20221 atacagacag acacacccat aggtgtgtat agatatagat agacacaccc ataggtgtgt
20281 gtatagatat agacacaccc gtaggtgtgt atagatatag acacacccgt aggtgtgtat
20341 agatatgcat atatctctct ctatatatat aatagataca tgtgtgtatc tatatctata
20401 catagataca cacacacata tagtattagt tcaatttctc cagagactcc tactacaacc
20461 atcagtatca ccaacaacca aatctttctc aaatgtttat caccagaaag caattttagc
20521 cttgcactgg atattacaac cttgaataga aaacattaga ggcctggaaa catggtgtat
20581 ttaatttctt ttgtgcttta cctatttcaa caatttctgg actttttaag acagaaacta
20641 ttcaaccaac ttttgaaaaa tcaaaagaag gaaatgagtt aaaggttttt acctggaatt
20701 caaacaaact aatgaaagat gacatttata atatttagag aatgattgga aaaatgggcc
20761 ttcacttcat gatattaaat aatttgtgat gtttttgggt gtgatgatga tactgtaatt
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20821 atcatttttt aaagagacct tacttttagt tactcaaaat gtctatgaat aacaatatat
20881 aatgtcttgc gtttactttg gtaaattttc aggcatgggg gaagtgggtg gagagagata
20941 aaacaacaat ggccacatgt aataattact gaatctggat ggtagactca tgggatttaa
21001 ttatactctc tgtcaacttc tgtaaatcat tttacatttt aaaataataa gctggagcca
21061 aaaataattt taaagccagt gtgaataagt taataggtgg ataggtggat ggatggatgc
21121 atggactggg agaagactta cgtcccagct tgaagtcagg cagagggagt caattctttc
21181 ttactcagtc ttttatttta ttcaggcctt caacagagaa ggaaaaaagg aaagaagcaa
21241 agagaggaag aaagagagag agggaggaaa ggcaggcagg cagacaggac ctctgaggct
21301 gtgcacagtg gctcacacct ataatcccaa cactttggga ggccaaggca agcacattgc
21361 ttgagcccag gagttcgaga caagcctagg aaacatggca aaaccccatc tctacaaaaa
21421 aaaatacaaa aaattagttg cgagttacgg catgcgcctg tagtcccagc tactcagggg
21481 gctgaagtgg gaggatcacc tgggcctggg aggttgaggc cactgcactc tagcctgggt
21541 gacagagtga gaccctittct caaaaacaaa acaaaacaaa cacctgggag agaaatcctc
21601 cctatagcct gagctaagct ggatcatttt aactccctaa tttitagctag ttcccagaca
21661 tactcaagaa catccacaca ttttgcagtg cagcagagca ctaaagcgga tgttggcact
21721 gctaacagga agaacacttc tttttcacgc attatcatta cctgaactta tatgaagtat
21781 ttattttgtg tttgttgcct taccttctcc acgataatct aagatccacc aggataggga
21841 cttttctttt tcacagtatc tttccctctt agaacaatgt ctggcacatg ataagaggtc
21901 cattttttcc ttcttttttc tttgaatgtc aggcaatttg cataaatgaa taaatcaaag
21961 tctagccaat tcattgtgat cttcattgac tgcctactat atactaggtc ttatgtgagg
22021 catcaagata gtgaatggga ggtgctcaga acagacgtta tatccaaagg gggccaagtg
22081 tgggaattct tcaattacct tcacagaagt aggccactat tcattcatcc atccatttac
22141 tgattcacaa atatttatta agcatctact atagtggaat tgacaaatag tataaataat
22201 agcacagtat aagtaaatat ttggtaaaat ttctcaacta atacaatcta cattttagca
22261 tatgggcgat ggaataagga tgggagctac ttcatattcc acaattccag ccaaaagttt
22321 atgtgtttgt gcataatgct aatatgcggc tagaaaattg ttacaatttt tcttttgaga
22381 actaaaaagt ttactcgtga aaatgctatt tatctaaggc attatagcta tttgctatag
22441 ctatctggat atgtcaccaa atcacaaagt tcattatgct ttctcattca agcaagcaaa
22501 aaatatgtct acttggaaac cacctgttta taagtaagtg aaaataggag atgcaaataa
22561 tgtctttaaa aaaaaatcac tgttaaatca cattaaattt cctcttcatt ttcttcctta
22621 aaacttaact atcgatgtcc atcctttgaa aataaccatc aatagctatt agtgttctgt
22681 ttgccagctg ttatatcctc taacccagaa ggctatggag aaatttttga gtacattact
22741 cgccctgctc ttaaaccaag agaatcacag aagatcatga gttttaggga ctgacacata
22801 aaatgctgaa catgaaggta ttttccctaa aaccaaatcc ataatgacag gaaaaatctg
22861 aagttttact aacagcaaca tgccctctgg aatgggtgct aatgataaaa atcgagctat
22921 aacacattcc atttittaatt aatttttaac actgtaaaaa aagcttttcc tttgcaatag
22981 tagacccagt tcttcctggt aagattccca aaagtactgc aaggtacctc tgctcttttc
23041 tggaaggcag agctcttcta atttattaga aattgcagga agggagtagg gagaagggga
23101 attcagcagg ggggaaaaat caattccatt cctgccttct ccacttccct ttcaggcagc
23161 tcagcccaag ctttatgctg ggaaacaaag ttgaaatcag ttgaactcat tttaggcccc
23221 ttcatcctgc ttctctgcaa aggtggaggg ttctccccag tgtctcagat tgccccgaga
23281 acatcaagga gccacttcat cgattatagt tgtgcaactg aaatcgtttg tccttttttt
23341 catatatata tatatatata tatatatata tttttttttt tttttttttt taatttcaaa
23401 actagtagat attggccagc cgtggtggct cacacctgta atcccagcac tttgggaggc
23461 tgaggtggga gggtaacttg agcccaggag ttcaagacca gcctgggcaa catggtgaga
23521 ccccaactac aaaaaagttc aaaaaattag ccagatgtgg tgacacatgc cagtggtccc
23581 agcaactgag gaggctgaga tgggagaatc acttaagcct agaagtttga ggctgcagtg
23641 agctgtgatt gtgccctgca ctacagaatg ggtgatgaag taagacacta tctcaaaaaa
23701 ataaaaagga catgttgatg gaacacaatt caaacatgac aggtaaagaa aaaagaaaga
23761 aaattccctc ctcaaagcct tctcagctcc taagccacac tccgtgctgg tgatagaagt
23821 tatctaccac tatttataat taatgtttat cacctcaacc ccaaatcatt ttatgaaaat
23881 acacacaaaa acattcagct atgtgtatag ttttttttta aagacatgat aatacatgta
23941 ttattcttca atttgctttt tccaactcaa aattatatca tgtacagcca ttatacatat
24001 acagatacat acatatatat acatacacac acatatatat acatacacac acacacacac
24061 acatatatat atatgactac atattgggta cagcatatgc tgctcagatg ggtacactga
24121 aatctgataa atcgccacta aagaacttct ccatgtaatc aaaaaccact ttacccctaa
24181 aacgattgaa ataaaaactt atatcatgca cagccaattt atacacacac acacacacac
24241 acacacacac acacacacaa acacacaatg tatgtatata gaggtatctt tttaatttct
24301 ttcatttttc ctttttttgc tatagagtat ttaaaacttt ggaaaaactg taactcaaat
24361 acctctttat taatatcaat ttagaatgta ataggtcaaa taactaaata aatatgtatg
24421 cacacaaaat aatgctaaaa aagcattcat tcttctaatt gggtgtcctg gcacattcat
24481 tcaaatattt ctgtattttc tggtacagaa tggaattgct tgatcaaaag gcatgtgttt
24541 aatttcggtc aaaaatgcca acttgttctt caaaataacc aaaaacaatg tatgctccta
24601 taaacagcag ctgttctttt ctcctgtaaa ggaaaacttt ttggaaaatc gagttatgag
24661 catgagtcaa agttttatta taatgttact actagggaaa aggcctctag tgatcaattc
24721 aaagattcag ccttggtgga ggcattttat aggaaaatga aatgacaaga tagtcaatgt
24781 taggctagat acaaaaggaa aataacattt ggtttaaggt cactagactc ttgaccgaca
24841 gtcagcttgg gtagatgggt gactgatttc tcagaacaag tcttaatcgc attaaagttt
24901 atcagaaaat tgcttaagca atttatcagg aatgaggctg tgaattacat catgcatcat
24961 ggaaaaaaag gttctattcc agaccagatt caggacaact cttctttttt ataccttttt
25021 atacttacat gctcaccaac atggaagtta tctgccttct taacttttgc caatgtcatg
25081 gtgaaaaaca gtatctcatt gttcaatttc catttttatg attaaaaata aagttgagaa
25141 ttttttcatg tttgccaatt cttttcagtg aatttcttgt tcattatctt tgcccatttt
25201 tctattagga ggttcacatt tttcttttcc cttagccaaa actctttgca tatgtgagat
25261 aaattattta agcactgtca cacactgcat aatgacattt tgatcaacaa tgaaccacat
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25321 atgcaatggt gatcccagaa gattgtaata ccatatttta actgtacctt ttctatgttt
25381 gtatatgcaa atacttagca ttgtattaaa attgcctaca gtattcagga cagaaacatg
25441 ctgtacatgt ttgctgccag ggagcaatat gctctaccta gcctaggagt atggcaggtt
25501 ataccatcta ggattgtata ggtatactct atgatggtgg cacaatgaca aaatggccta
25561 acgaagcatt tctcagaaca caacctcctc tctaagcaat gatgactgta tatgtaaatg
25621 tgtatgttcg tgaatatgtg tgttaaatct atgtacatgt atatttctat ttcataagat
25681 agtacatttt tttaaagtac tgaattatat gccccttccc attgtactga aagagatcta
25741 ttccatttct ttcctctttc tgagacagag tcttgctctg tcacccacgc tggagtgcag
25801 tggcatgatc tgggctcact gcaatctctg cctcctgggt tcaagggatt ctcctgcctc
25861 agactcctga gtagctgcta ttacaggagt gtaccaccac aaccagctga tttttgtatt
25921 tttagcagaa atgaggtttt gtgatgttgg ccaggctggt ctcgaactct tgacctcaag
25981 ctatccaccc gcctcagcca accaaagtgc tgcgattaca ggcgtgagcc actgtgccag
26041 gctagatcta ttcaacttct acttcgataa aagtcactac aagcctgtta ctccctgctt
26101 taaagctttc ggtgccccta cttgcctaca aacaacgtcc aggcctgttg caaggccctt
26161 tccaacgcag tccctgccta aatccttatc attttcctct gtcattctgt tctggccctt
26221 tatgcaccaa aaaaattatt tctagggacc agactgactc ttttcatccc tgaactcctt
26281 tcctatgctg atccctctgc cagaaacatc ctccctggat actcatattt gtcttcccct
26341 gtctgaagga aactttccct aattatttgc cttgccctgc aagtaaagtt agataaagtt
2 6401 agtcacctcc ttcttgggta ccttgtgcgt gcaccgactt tttccgtaca aaactcattt
26461 tgattgattt gttcccaagt ctgtcttctg taaaagactt cgagttacat gagagtaagg
26521 actgggcctc aattttccct ggatcccctg ggcttcacac agaatctgac agacccaagg
26581 tggaagtcag gaaataagtg atgaatgaac aggctatctt ttctgatcca cacagcatga
26641 gggaagcaaa cacagaagtt aggagaggtg gtgcgtctct ctccacccca accaataaac
26701 aaaaacaacc ttaaaccttg aaaatgatta agtctataca ggctggaaac tgggagaaga
26761 caggttgtct tccctctttg gttagctcta gaatctgatg ggctacagct ctgagcagga
26821 agtattaaca caaacatcat caaagtgctt ggggaaattt tattgtctgc cacatttaca
26881 aattggaatc gatcttcatt cagccagttt. cgccaaagtt tctgcaaagt gaacatagca
26941 aaagataggt ggtgcctttc agatcacctg tgattaaact cactgcattt gtcttcaaac
27001 aaaagtgttt ttttttcctc cccgcaacat acaattttag tcagctaaca ctaaattaga
27061 cacccactca gatttattat gataagaaca ttcagtaagc taatttcaag aagatgactc
27121 ctataaattc ttataattta ttatttagta ctttggtttt taatcattaa gtacgtgaag
27181 actttgtagg tcaaacctgt attaatgaag acagtaatct atttttcaaa ctcttctcct
27241 acccaccttt caaattgtaa attaacagaa agagatttaa acacacttgt aagaacaaag
27301 gtaataattg gggggtggtc cccactttcc taatctttct aggtagactg tcaatcatag
27361 tcctgactta tttatgatga atcatactga tttttttaaa taaaataatg gagtgtaaat
27421 ttgagaagcc attacttcac taagaaaata aaacacataa cccattttaa agttttgtta
27481 aaaaaaaaaa aaaaagctgc tgttcaaaaa tcagcaaata gagctggcac ggtggctcag
27541 gcctctaatc ccagcacttt gggaggccga ggagggcaga tcacctgagg tcgggggttc
27601 aacaccagcc tggccaaaag tggtgaaacc ccatctttac taaaaataca aaaagtagcc
27661 gggagtggtg gcatgtgcct gtaatcccaa ctacttggga ggctgaggca ggagaatcac
27721 ttgaacccgg gaggcggagg ttgcagtcag ctgagatcgc gccactgcac tccagtctgg
27781 gtgacaaagc aacatgctgc ttcaaagaaa aaaaagaaac aaattagcaa atacaggtat
27841 cgttaggtgt taatctcaat agaggaattt ttatgttcca ggggtgttac aatttgaggg
27901 atgcataggc aaaagtaaaa tattaactgg ctacatattt tagaaagcta ttgatgttaa
27961 ctaaaggaca gtcttcatct cctgaactca ctgccaaatt agaatgtgtt tcatgataat
28021 ttcaaacatt tggtgctaaa agacttaaag gtttcatttt gctgaaccaa ggaattctat
28081 ttgataaact gcatgcaaat aataaataaa gttacctgca tagtaacatc ttttcatttt
2 8141 atctaaaata aaatgaagtt ttattataat acaagctcat tataagcaac ctgagtagtt
28201 agagtagaaa gaacaatgtt cacaattatt attttaattg agaaaaaata tcaagatgcg
28261 aaatgaaata actgttcggc aaagtcacta ctatgtaaaa acaatcgtgt aaatgctgag
28321 aaaaatatag aaagaaatat agcaaaatga tagtagtggt tatcttcagg tggtggtaca
28381 acagacaatt ttatttttca tttcctctgt tcatttttta atcgaacatt ctggaaattc
28441 cttcagaaat aaaaaggcat atgtttgtat ccatgatact acaagtattt taaattacat
28501 caatgtctga atcttcatat gacagataga cagtcagcat ccattttacc tgaagatcta
28561 ttgctgaggg cttcgctatt aaattattac aacaaggact gcttatggca tctcttggtt
28621 cagtgaaaac ctccctggga tgtagataca tgcttacaag ctgggtttca taacaggaag
28681 cccactacac ccccaccacg caggagagtg catactacat tactttagaa gtatttatcc
28741 gcccctcttc tccacccagg gaaaggcgaa gtactacagg Utttcagat aaaatccttg
28801 atgagaagaa aatacaaaga ttctgcctca tggtcaagaa gattcatgag taatggagag
28861 cagtgagggg gttttagcac accgggttat ggaatgtttg ctgaaactgg atttctggat
28921 tttgatgatc aataactaaa taaataatga taaccacaat aatgaaaaca ataccagcct
28981 ggttaacgtg gcaaaaccct gtctctacta aaaatacaaa aatcagtcgg gcttcgtggc
29041 atgcgcctgt aatcccagca ggctgaggca gaagaattgc ttgaacccag gagacagagg
29101 ttgcagtgag ccgagatcac gccactgcac tccagcctgg atgacagatc aagactgtct
29161 cagaaaaaac aaaaaagaaa aaaataataa taattatacc tgctatttac tatgcatttg
29221 ccatggctat acatggcaac atattaacat attgttataa cgtatagtac aacatattgt
29281 tatgcaacaa attaaacacc ttacagacat taaactccca cactaacccc atcaggtatt
29341 ctcattttgc agataagaaa actgagataa gacattacta attatctgta tgaccccggg
29401 caaatcaaca ctgggtgggg gcaagatata aattgcagtt catctgactg atctccagta
29461 tgtcatttaa tgatgagaag aaagaagcct gtcaccaaac tactttttga gaaagtgcta
29521 tatgcagagg gaacaaagaa tttattactg tataaaagtt tctgcccaca aatgtgtaca
29581 tttttaacct caagaaacag gtggaaccat tgaggaactc ctacattttc ttccatttta
29641 attgttatta agctattaca ttatttatcc tgtaggcagc gcatatgggc tctgtattaa
29701 tattggtgtg tagcaaatta ctccaaaatg aagcatctta aaaattaata aatatttact
29761 ccctcacata gattttctgg gtcaagaatt caggagcagc ttagctagct gatttgactt
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29821 gggtgtctcc taagtcaaga tggtcatttc atctgtggtc atccaaaagt ttaaaggggg
29881 ttggaggaac tgcttccaac aaggctcgct catgttggct ggcaatctgg tctgactgtt
29941 ggaagcctga ttccttgcta tgcggatctc cccatggtgc tgtttgagta tcctcgcaac
30001 atggtgtcta gcttctgcca caaggagtga tccaagagaa gcaaagcaga agtccaaatg
30061 tattttgtca cctagcttca gaggtcatgc gctatcactt ccccctgtag gttacacagg
30121 acaatcctgt tcagagtaga agagaaatat actgcaatgt aaaacccagg aagtgagggt
30181 cactagaggc catcttgacc tctggctacc acagaagctc atctcccttt ctctagacag
30241 tgccatgctc ttiaagtattt aaggttgaac tctaacattt caacaacaaa atgacctcaa
30301 aatgaatgag atgagagaat gaaaagtcat cttgaagaaa tacaaacatg tcccagttca
30361 agtcactctt gattgtgggg ccagtattat acaaggatcc caaaagtgct gtgtttcaaa
30421 cagctgagga atgaatgaag attacaggta cagaaaccaa gaggctttag caatgatgct
30481 gaagatgggc atgaagggtt taaatgaaat tatttcataa atigtaaggat atataaaaac
30541 tccagtcttt taaaataaat acattacttg tgaaaatgca ttagcaagtg aaatcctaca
30601 ataaaacttt tgaacagttc atctacagcc cctaaagttt ataaactggg cacaaaattt
30661 aggggaggtc cacttcattti gaaaataaaa aattgtttta tatttggagt caccttgtat
30721 tttgaaacgt attgactcag ccaagattta ttgagcatct ctatgtgtcg gacactgtcc
30781 taggttggac aaagtggtga atgagacaga taaagtccct caccgtctag tgggaaagat
30841 ggaaaataaa caaacacaaa cgtgcaatac agcttcactg tgaaagtatc aggctcatta
30901 tcttctgagg caaccaagca tttgagtcat ataggcaatg acctttgctt taatcatttg
30961 ccaattaaat aacttacaat gtcacttggc tcagtacccg tacttctgcc tataagtaaa
31021 ctctttttct gtagttccac ctataagaaa attctcatcc tctcttccta ctcagattaa
31081 caagagcatt tcaaactatg tgataattat agctcctgtt gaaaattatt gtttatgacc
31141 ctgggtttac acatcagttt ctgtgaattt ggttattgta gagtctgtac ctaacagaaa
31201 gacctactct tagtgggctc acaaagtcta atttctgaat gagcaagttt gagggtgaaa
31261 gccatattgt taatgaactc atcaaggtaa ataccacagg caagcttctg gaaattaagt
31321 cacctggcct cactgtccac acctaccctc tttcaaataa ctcacatgta atacattaaa
31381 aaatttatct ctaggagctg caaaagaaac actacatgca gagagaccca gaatactgag
31441 agaggtgttg gcacactccc gactgccatc ccgattcctt attcatgact gatcaataag
31501 tgatcacaga aatcttccat gttgagccaa tatggcacca agttctactc aatcaccaaa
31561 aatagacact aagaactcat tagtgtgaaa agacagtggg gctcaaagac caggggtatc
31621 aatatctgtt tgtcccaata agattgggtt ctttttztgaa ttgagccctg agtccacaca
31681 cccctggttc acaggcagtg actggcacag agacacaagt aggtcctgga tgaggctcgt
31741 cattacataa agcttcaaca atggtgaaca aggatggtga tggtaaatat gaagtagcag
31801 tggaactcca aggaatcgta aacaatgggg gagaggggac taaacagcat tatatacaaa
31861 cgtttcattg caacattatt cttagcagta aaaaaactat aaacggtata aattcccagt
31921 tattgaagag tttatgagct ataaggactt tctatcactt gacagctttt atctagctga
31981 tatttgacat taataatcac tatgttacaa caggggaaga cacttgtgct ataatgttaa
32041 gtgaaacact cgggatgtag tatcaatgta ttataactaa tattatggag gcgaaaaaac
32101 tcattcatag gggaaaatct gaatgggtta accaaatact gaccatggct gttgtctgga
32161 gtgatgacac attggctagt tattattatt ttctctattt ttttattgtt ttctctttgg
32221 tattttacac acacacactc acacacactc acacacacag aaactggtag tgaaaacttc
32281 tgtagactaa aagccaaatt ctcactctat cactctattt ttttttttta agaaggaatt
32341 tcgctcttgt tgcccaggct ggagtgcaat ggcattgtct cggctcacca caacctccat
32401 ctcccaggtt caagctattc tcctgcctca gcctcccaag tagctgggat tacaggcctg
32461 tgccatcaca cccggctaat tttgtatttt aagtagagac agggtttctg catgttggtc
32521 aggctggtcg cgaactccca accttaggtg atctgaccac ctcggcctcc caaagtgctg
32581 ggattacagg catgagccac cacgcccagc ccagcctatc actctatttt ttatgggtcc
32641 tttggctcag gtaagaacaa tataaacctc gccctttgct cactgcatca agattagaaa
32701 tctagtctag ggagggaaac aaccatactg tgttttgtcc tcaaatacag aaacgaaatc
32761 aaagtttgcc aaggaaggcc tatctcaaaa tgtggttgtg gttgttttct tttttttttt
32821 tttttttttg agagggattc aggctctgtc acccaggccg gagtgcagtg tcacgatctc
32881 cgctcactgc aagctccgcc tcccgggttc acgccattct cctgcctcag cctccccagt
32941 agctgggact acaggcgccc gccaccaggc ctggctaatt tttttttgta tttttaatag
33001 agatggggtt tcaccgtgtt agccaggata gtctcgatct cccgacctcg tgatcccccc
33061 cgcctcggcc tcccaaagtg ctgggattac aggcatgagc caccgcgccc ggcctgtcgt
33121 tgtgtttttt gacaacttcg tgacttcgca atttctagga atgagtgact ctgtagcaac
33181 acgcccaaag gtgagtgctc ccagagactt acattgactc ttgtatgttt gggcagaaca
33241 gtggccaaac taggaggggt acacagttaa tgttgagtta ctgtatagac tgtcctccgt
33301 gggacaccaa gtagaccctg gggagctgtg gcaagattgt caacagtgat catgcccatg
33361 gcagtctggt ggccacccat cctactgctg ctcatggtaa ctatgtcttt gcgagtcatc
33421 gcagcaaatg attttcagca cctttacccc taaatagaaa tatgatcaca accagcagaa
33481 aaagaagcgt actaacttat ctgcaaggat aaaaactggg ctaaatagat ttttcggctc
33541 attaaggaaa tacagaatct cagaggaggt taaaaaaaat ctcagaggag gttaaaaaaa
33601 aaaaggtctc tgtgtaactc ccgtctattt tgggaatctc atgtatggca ttgagaactg
33661 gtggttcaac ctcatcatta ccctgttggt aggaggagag cagactgatc taggctttgc
33721 tttctgcttc agggtcagcc ctaggcaaat ctgttaatta ggctaaattt ggccacttag
33781 atactcctgc ccttcccact ctgcaccctg tttcctccca acaccaggcc aggttccccg
33841 tacccttagg caacaccaca taaaggactt tccattcccc agcattcaca gtgctcactc
33901 cacctcatgc ccagtcgctc ctgagctctc tcttccttgg tgtgagctga taaacactca
33961 gagccttaca ttttaacagt ggttctttct cgaggtgctg gtctagtcca aaagccaagt
34021 tccaacagtt agcaaataca gtgcatttag ttagactgtc tgggaaggtc tgtgggggca
34081 aacatgactt gaagattttt ttcaacatta acaacaacat caacaacgaa aagcagcact
34141 gattgggagc ccacggtgta caaagttact cttacttgtt ttccgtatgt caactctaat
34201 tcattggcat ttgctggata ttaaacccct gcaaaaccca gtgagtaaca acagtgacca
34261 tttttcttat atttagtttc tgagtccgcg aatgggctgt gctctttctc tggtgtgtct
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34321 ggggtcaggt ggtagcttgg ctagtagcta gatgactcta gagggacctc actcatatgc
34381 caggcaccga caggctatca gctggggcaa ccactctccc tttatgtggc caccatgctc
34441 cagcaggtca gctcagggtt gttcgtgcag tggtcacagg gttgtaagca acgaaacaga
34501 aagtcccagt atctgaccgc ttgtcatgcc tctgctgcta agattccact gggcaatgcc
34561 agtcatacag gacaggtgtt gatgcggtga gggaaatact gttttccttt ttcttcttct
34621 tttttttttt aaacaagcta ccatttttac aatttaccat accttcccca aatcctagcc
34681 tttagttgtt attatttcca tcttatagaa gaagaaactg agagttaaat aacatcccaa
34741 agaaagctca gaataatgaa ctcagttgtg gctagatgca gtggctcaag tctgtaatcc
34801 caacacttag ggaagctgag gcgggagaat cgcttgagcc caggactttg agactgagct
34861 gggcaacata gcaagaccct gctctccaca aaaagaaaaa aacaaagaaa caagtttgaa
34921 aaaacccagt tgttgtgttg gattggaatt aggtacaaac acacattaaa gtgtacatat
34981 atataattta taatagatalc tgatatgtta taaatatatg aacaaataat ggaatgtgtc
35041 cagaaagaaa tataaatata ctaaaattat aatatacaca gagatacagg aataaatgga
35101 gataggtgta tgtgcatggg tttgtataat acacatattt ctaaactctg ttgagaagtt
35161 ctagaagcaa tgacactcca gcagtaatga gcgcaactag cacctagatc ttagttctaa
352.21 atatgattct ataataaaac gaaccaagcc tccatggaga atgagttaat tccaagactg
35281 aggcagggaa gtccaagatg acagtgtaaa gcctcttaca gtgccaaaaa ataagaaagt
35341 gctcaaaaaa gaacggggca tgtcaaaagg gtgcaggaac ctgcccgaaa gacctcctat
35401 gggccaaagc cggaacaatt tgagcaccaa aatatatcac aatactgtcg tattatgacc
35461 tacagaataa actaaatatt cacgtatcca taccaatata aatggagaag aagaaacagc
35521 cttccatgta gaagaattcc caccaaaaaa tagaaggcat gacagaaaga caatatcagt
35581 catgagaata ccacagtatt aatcattgca ggcaagatcc ccagagggat gctaaaatta
35641 atggatgaaa attagagaag tagtcccaaa gtacctcccc caatatattt attaattaca
35701 aaggaaaaaa atgatccttt acagtggaga aatctggcag ataccacgtt aaccgagagg
35761 tcaaggctaa catcactagt aataagatat tttcacatta cacatcctct gacttgatgg
35821 ccgaagaatg gcacatcact tatgtatatt cctcccaaaa atgcaccacg tcattctaat
35881 caagagaaca catcagacaa acccaaatta cgggcattct acaaaataac tgaccggaac
35941 tcttcaaaaa tttcaaggcc attaaaaaaa ataatgcatg agaaactgtc ccagaccaga
36001 ggggactgga gagatatgat aataaatgcc aggtggtatc tggttgtaaa agaaggaaga
36061 ggacacaccg tcaaatccaa ataaagtctg ttggtcagtt atagtctgag tgtagttaat
36121 agcatcataa caaggttaac ttctcagtgc tgaaaaatgt atcatgttag tattagggga
36181 agctgagtga agagtacatg ggaaatcttt gcagtatttt ttatggcttt tctgtaagcc
36241 aacatttatt tcaaaattta aaaactggaa caaaccaacc aaccaacctt tcccaaggtc
36301 ccacagctcc tgatgactaa gtctgaattc aaatccactt gtgccagatt ccaaactcca
36361 tgctttccat cctgtgcagt gcctcccgca tccacgctac catcttagaa ttggttcaga
36421 ctggattagg ccaccccttc caaatgaatt attttatggg aaaaactggt ggcacaatta
36481 ggcataaacc catctacctt aaatggggaa aatgaggcac aaggtcatta aaatggacgt
36541 gcagaatatt cactctcata ttcactctca gctccatgtc ttaagtgccc acataagcca
36601 gcttataatg tcatittcttg attccattaa attagtacag gattagtaca tatctcaacc
36661 ttcaaccatt ttgtcactta aaatgagtgt ctggaaggcc attcttccgg aaatattagt
36721 taccttgtcc attacttact taatcatagc ttggagttat tttttgcctt gtggaggctg
36781 actataaatt atggactatt acgcagcaaa gccacactta gtaaattata tggcattgga
36841 aaacccttgc ttttiggggga aaattacact ttctttaaaa atatgtttta taaaatatta
36901 tgctaagcct gtaaaagaga atccatgagc atactttgtg gccataagga catatttgac
36961 agttgactcc agtttccagg ccgctcctaa aaagggtttg gaatggaaaa cttctcattt
37021 gatattcatg tcagaatggc cgtggtctgt gaatttctac atgcagacag ataggaggaa
37081 aggctggaaa ccttgttggt cttcacctat gatgcagtaa ataaattagc catgtagtct
37141 taagtttcat tttgagccac aatagcagac taataggcag tattttttca cagttatgaa
37201 tggattcttt ttttzttttta agaccagtcc atagaagtac tttggtattt gatttaaaaa
37261 aaaaaaaaag acagcaagat aaaaaaaagt gcatgaatgc agggctatta aataggagga
37321 gacaacgacc ctttggaatg aaggttttcc atttgtctgt agcttttcca accgcttcac
37381 tgcgctgtgt ccgcatggtt ggagacagcc tttcaggctg gccaaggaag ttaagacttc
37441 ctgcctcaat aggccagtct ttgttgttct gtcagggcca aagatcctga gagtcagcaa
37501 ccactagctc tggccacttt ggtgtatgct cagtccctgg tgagctagag caaggtcact
37561 gggtcagctt acacggtgac actgttagac tgtgccccag ccaactctgg ccggggatac
37621 ataaatatac aagactaaaa aaggaggatg gcactggggt ttccagacgc atcttgtaag
37681 gcagacagtt gcccagctta aaagtctgca aaatctttct ttaaaaacgt atgttttaat
37741 ttgaggatat taattgcacg gaaattattt. gactgtatga tttataaccc cgccagaatt
37801 ctgcggtctt. tccctccaca tgtgctzgttg ccattttccc ttttgtacac ctatcatttc
37861 ccattgttta tcttccctga ttgatgttcg ggctcgggat gttttccatt atgagattca
37921 taattatcac tggtaataga gaaggcttcc ctattatctt cagtgagact gcccaaatta
37981 ttcatcgtaa cccactggta ccacacggca ggaaaataag aatttatttc ccatcccagg
38041 catatggtag ataagaggat gtatttattt. ctccatgttt caaaaggatit aagctttgaa
38101 aaaataaata tcacttaggc tgtcagtaag cagaacttta tggttctggg tttagagggc
38161 ctctcttggg ctaagaatag cacaactaaa ctctggtttc caaaagaggg gaaggtatgg
38221 aggtggggaa tcacttacag ttttacttgg ctaaataaac aaatacgata gatttcaacc
38281 acagtatcgg tctacaaggc acccagcgtc accttagacc tccacgttaa ataacgcacc
38341 agcttattta taaaaatgtt accaaattcc agcagtcttt aacccctggc tattctcaga
38401 gcatgttgaa tacatcatct gggttttgcc taattacaca taattaggaa atgtaattiac
38461 gcttttcggt gttigctctgc cattaggaac cgagtggaca gctgaaacgc taccaaggat
38521 gcagcgcttc agagaaaaca aattaaaaat atgagccaac ctctaaaaat agggattgtg
38581 ctgaaggtta gtaaatcaaa cttattttaa aaaacataat aaattgcttt tggctctggc
38641 taaatatttg atgcaacagt tatgctggct gtctttgttt tggggactta cttaatgata
38701 cattatttgc atccatgctg agccacggag agggaatgaa ttattttgct cctcgatgag
38761 tgtgatttgc tcacttcctc attcatttat gcttttttat ttttatttcc tcctttacac
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38821 cggacccctg ctctggccaa ggaagtgatt tccaaccatt ctgtgtcaaa gagtcaaaac
38881 atttcatttg tgggtttgtt gcatatggag ggtgctaatg cccaaagctt aggcaaagct
38941 gacagtaatc tcatcccctg agctgggcat tcgcatctta gcagcatagg aatgggcgac
39001 tggctttgtt aagtcaacaa aacaggcacc acaataatcg ttttccagat tgggttggac
39061 atggcactga cctaggtggc tttaccagcc caaaaagtaa gaattttgca ggtggagaaa
39121 tagaaaaatc gcattcttta gaggtacaag ctcatgaagg atctggaatt ggaagctttc
39181 aacgttctaa tctttgcttt tgtgtttatt gaattttcct ctcctaggac agtggctgac
39241 agtaataaag taacacactc cattgaatgc actatttatg gaaacatttc tatggtgcca
39301 aaaaaaatatt aacaagagaa gtgattgcca aaagcaaaga cccaaacatt agtgcaatgt
39361 ttgcagcact taaagtaaaa tagccagccc tgttaacaaa catcctctcc acctgccagt
39421 cctgtgaagc gtgcctgtgg gtgcgtgcat ttttctaaat tagatttctt tccatatttc
39481 ttactttttt ctagagagcg tattttaagt ctatctttat ccccccttgt attctatttt
39541 tatttttatt tgagataggg tctcactctg tcacccccgg ctggtgtgca gtggcgtgat
39601 cttggttgac tgcaacctcc gcctcctggg ctcaaatgaa tctactgcct cagcctcctg
39661 agtagctgcg gctacaggtg tgagatgatt ttttttactt cttgtagaaa tggggtcaca
39721 ctatgtttcc ctggatgttc tcaaactcct gagctccagc aatccatccg ccttgacctc
39781 ccaaagtgct gggattacag gcatgagcca gcatgcccaa ctcctcttgt attctatgta
39841 cactgtttcc aatcatctta gatcctttcc cactcatttc caactttttg ttttcttttt
39901 cttttttgaa acagggtgtc actttttcac ccaggttgaa gtaaagtagc gtgatcctag
39961 ctcaccatag ccacacacat ccagcctcaa gcaattctcc catcttggcc tcccgagcag
40021 ctcagcctac aggtgtgcac caccaagccc agctaattta attttttttt tttttttttt
40081 tagagatggg gtctgcctat gttgcccaga ctggtctcaa attcttggcc tcaagcaatc
40141 ctcctgcctc agcttctaaa agcgctgaga ttacaggaga gagccactgc acccaaccca
40201 ttttgaattt tgacttcctc ctcttcaagt gttccactgc tgaatcggtt gaaaatgaac
40261 tcctcctgga ttactttaag agatacattg ctgatctctc taatctcagt tcaaaacaca
40321 cttccacaaa ggcacccagt cagctcagat cctcctggtc cccttgaagg ggagatgccg
40381 attaccattc acctttatag tgtgtctctt atatccccct tcccttccag agaatagctg
40441 ggtgtcccac acgtctgcca gctctgtcca gtgcattaat tagatcagga tactcaagcc
40501 caataatcga gaccctcgtt tcaaaagaaa tattgtataa ccccttacca aggtcctgaa
40561 ataaaattca tgaataacat aatctaccca cacacataat tagcaaaagt aatatgtcat
40621 aaattttttt taaagaaaac ataattgaca ataaaatagt acacattttc aaaggtaact
40681 tctcggacag gagtgtatca gaagcccaaa atgaaatcgt ctaatgtttg cacctactta
40741 taggtttgga ttcaagaaac ataagacaaa aaattcgcca gagttttgtt aatgtattct
40801 cataatactt aacattttga aagcagcatt acatatattt taatacagac atcatattgg
40861 taaaccaact ctgaaaatta caaaatgaaa actaaaacaa tcatccttat tagtagcatt
40921 tgccactttc catggtgtaa atattctcac cacggtcagt ttcaagctac caacacgatg
40981 tcactgaatc cagattttgg aagaaacagg caaaatctgc tctcatgagc tgctcgctaa
41041 gggcatgtct agcacccaac tatttaatca ccatgaatac aaacagctac atatgtagac
41101 agatcacatt atggtgactc aaatattatg agcagtgctg catgatgttt caagatggta
41161 ttgagacctt ggtaaaagac tggaacaaaa caccacacaa tcttcccttg atttagaagg
41221 cccctgcatt tctggaagac ccagtgcacg ttgtgtatct gtataagcac agggaattct
41281 ggggtcagat caatggaaac aagtttttta ccgaaatgaa tgt~ctggggg cacaggtgta
41341 tgttaccggg acgagggcag ttctttgtta tattggactg cctatggcat cacaggatgg
41401 acccgtggac cccacctgct aagtgccaaa ggccaccaaa atigcctttcc aaatttccaa
41461 aatgccccct ccactggcaa tagtcctact attgagaact acgtctagat gtttgctact
41521 ccaagtgtgt tacctggacc aacaaggcag gcatcccctg ggggatcacc aatttataag
41581 aaacacagac cacaaagata tatataccta ctaagtgccc acaatttttt tgaaaaaacc
41641 acatatatat atacatatat atgtacatac acacctacta ggtacccaca aaaattaaat
41701 aagaaaagga aacaaagaag ctcgggcccc acctagacct actgaatcag aatccaaatt
41761 taacaagatc cctcggtgat ttatgaggac atcacatttg gagcaactac tagagtagat
41821 actgagtttt aagacttaca aactgtgtaa gaatactgct taatgctgac ataaacaatg
41881 caaaataaac cactggctct gtagacacta cataattagc ctccctaagt agtgggatca
41941 tgccatgcca tcgctcctct tcattgtaac tgtgctgcag aggcaagagg acttttgcat
42001 tgactgtggg cctactgaat ttgtcaacca cagacgtacg gtggccttac catgcctcat
42061 gcctcctctc cctgaattca cacaagaatc gctcttcaaa actagaacaa gacgtgaaag
42121 aaatcaaggc acagagaggt tcaggatttt gctcagtgtc acagagtcaa gaatgtgcac
42181 agttaggatt agtgatggta attattttat attaaaaaat tattccacaa gtacacactg
42241 agggtcaact gggaggcaat gtccacaaac agtttctccc atgccataat gataacttat
42301 tttgcataca actttgtttg tgcaaagcat gttctcatgt gctaactcat ttgatctttc
42361 aaacacccag taatttgtta actctactca aagacgaaga aactgtzggct cagaaaaggg
42421 aatggaggat caggaaaatg aagcaacttg ctcaagtcac tagctaataa tatatggtta
42481 actagaaaat gcaggatttg tgcgcttacc tgcctgaagg cttcgctagt tcctggggtt
42541 gggaggtcac tggaaacaaa agcacttgga gaaatatctc tagacgatga tgagacggtt
42 601 ttaggaggtg ggttcttcaa gccttctcct aacccattcc tcagtcccaa tttagcatca
42661 ccaaccaagc ctgtgacttg gtaggaacat caccagggat gtattttcca aatcagatat
42721 gccctccagc ctaaccttat tctaccccct ccccaccctc cataacagtg agaacctgga
42781 gaaactaaaa tgagaaaata aatatgtgct gacaggctgg gatgcagttc atttcataga
42841 cataagtaat atttattgca aagtattaac acctattagc atgaggaagg ggaaagaaaa
42901 agtcacagcc ctgtacataa aatgcatcca ttctgaatcc atagtaatcc acatgggttc
42961 ctagaaaggg gatcttgttg ctgtcttttg tcaaaatcaa tgccaaacca acaagtttca
43021 gcaaagcctt tggacctctc tgaggacatg aaaaggttgg atattaccaa gccaggggat
43081 agttagatgt aattacattt taaaacctct ccattttata tctaggaaca gaagagagag
43141 actggaaggg aggaagagaa aatatatcaa aatagagcag gtgactctct ctgggtggtg
43201 ggctcgtggg tgatttgaat ttacttgttg aatttttccc ccaaaatatt aagcagttat
43261 ttgattttaa tgaaagtttt tatttttgag ataagtgtag attcacatgc agtcaagaaa
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43321 taatacagca atctcatgca cccttgatcc agtttccccc ataggtgata tctcacaaaa
43381 ctctagtacg atttcacaac caggaaattg acattgagac agtcaagatg cagaacattt
43441 ccatctatac caggatcctc cagttgctgt tttatatcca ctctggttcc cactcacccc
43501 ccactcctct ccagtccctg gcaatcactt atctgttgtc tttccttttc ttctcttttc
43561 ttctcttttg agatggagta ccactctgtt gcccaggctg gagtacaggg gcacgatctg
43621 ggctcactgc aacctctgac tcccgggttc aagcaattct cctgtctcag cctcccgagt
43681 tgctggggat tacaggtgtg tgcttaccac gcccgggcta actttttgta ttttttagta
43741 gagatggggt ttcacaatat tggtcaggct ggtctggaac tccagacctc aggtgaccca
43801 tctgccttgg cctcccaaag tgctgggatt acaggagtga gccaccgtgc ccagccatct
43861 gttttctatt tttataattt tctaatttca agaacattat gtaaatggaa tcctaccaat
43921 gtaatctttt gggattggct ttttcactct tttatagtac atttgcagcc aaagaaaata
43981 ttcttattgt gtatacgtgt aagtctcaac attttaagat gcaactgtgt ctttagttct
44041 ctaagaatca acatgcagga gcgcctaaag cctcctctga agtcagctct tctggttcct
44101 ggttcactgti cactctgcaa cgccatggcc caactaccct gtcttttttt gacgctcgct
44161 ttgcttcctg ggaatgacca aggcacagcc ctccacgtac cctgctttgc atccctctgc
44221 ttcaccacca cccaccacaa cctgaaaagc taccttccaa tgtgcatgca gcctgacaga
44281 gttgaaggag gaggctctca agctaccagc cttccccaca accccagaga caaagcagaa
44341 ggcacacagc caagatgggt tcctggcctc taactgtgcc agtctttctc aaaatgagaa
44401 tagccttggg aggtgcaaag acctttggag aaacctttgg aacaacacaa agtaaattta
44461 ctcattcaag ctttctctgc ccttgagcag gtaggtccct gggactccat tttctcatct
44521 gtaaaatggg gacaataata cttaccttta tatttattga tatttctaca caggatgact
44581 atgaaatatta agtaaaataa taaatataag actcctaaca ccatgcccaa atctaggaag
44641 tatagataga tggtggctat tgttattaca aattaccaag tcaaaataat aaatagaaat
44701 tcacttggat ttctaatcac tcaatctttg tcagcccctc tttcttggta taagatacaa
44761 aatatttggt tcaccaataa acagtttcta ggtaagaacc acgcagacgc ctaagaggtc
44821 tgtattaaat cttcaatctt gcactgctag aaaataaaaa ataataataa aaaaaagtat
44881 cccactcctg agaagtgttc aggctttgag tgatgtcaaa ggcctttgaa caagccttat
44941 aagtgacatc catatttgtc catttttgac ttaaattgct tttggttcaa ccactgccgt
45001 gaattgcctt gatgcaatat cacacagaat gacacaaaac acagaggaaa aagcaagttg
45061 ctgggtgagg gttagggaat aaaggagtca ctgcctcgtt cacttctcta agtgttggaa
45121 gaaatgaaaa tgaaactcgc gttgaaaggt aatctctatg aaccgtgata agagcaagtg
45181 acatttttac atagctcaag tcttctggtt cagcctagca gttataataa aagccatcta
45241 catgcagcta aacatttttt taagtttcca cctgctcttt ttctttttct tctttttctc
45301 cttcttcttc tcccccctcc ctaagcagca aagggccatc tgcaattctg gaacttctcg
45361 ttaatataat ctgggctctg gtttccattg tgtgggatga agaagcggct tctatgttct
45421 agagaacaac ctccactctc cctgtttctc tcttctgctg cacttgacct tccatctctc
45481 atattttgct gccaacctct gactctgaaa aaagaaaaaa cttcttcgca aaagcccatc
45541 tactgctggg ccccctatgc taagagattc tgtttcatct cagtcccgtg attaggaatc
45601 caaaccacag gggcttttgg tgtatagaat aattaaagag atcagaaatt aggtcagaaa
45661 tcctggggtc cagcctcatc tctgccactt accatctgcc tgatattaag tgagctgcta
45721 cagtatttct gcatgtcatt ttctacaccc cgcaaatggc ctaatgccag ccacctcaag
45781 gatggtagca agaattaaat gaggtactgt attggcaagg cctggtgcag tgcaggaact
45841 gaggaatgct cattctcttt cctcccaaac aacatagatg acttactaaa catggcaagg
45901 ggcagaagtg tctgaaaata ccaatgtgag atcctactag aagagtggat gccacccttc
45961 aggtgggtcc acagtagtat gtccttgcgg gaataagttt caggagacct caatcccagg
46021 gaaaccactg ccgaaatcac agagagggcc tcctatctct gctggggcca ctggctttgc
46081 aaatggagca taaggtttta cctccttgtg tggtcctgcc agttgtccct ccctaggcca
46141 cagcagtaca acttgccaag gagccgtccc tggatcctac ctcagtgtgc tattagtctg
46201 tgcaaaggaa gagtaaatct aactgttaaa aaaaaaaaat gcatgttaac cactgctgtt
46261 atacccttac aaagaagagg ccaggcagta tatatagatc tctaaattct catgtgtgca
46321 tacaaggtca ctttctcaac gaaatcaata gaacaatgtig aatacacaat tttcatgtca
46381 ctatgtattt tggagttgaa atacattgaa gggaacaaga ataacgaggc tttgaagaag
46441 tggcagctta ggtagtaaca taattttata tttccttgtt gttagtctca aatatatctg
46501 aggatacaac tcagagctct gtttacgtaa aaagtcagaa acaaaaaaat aaatatgttg
46561 aattcagatt tgaatttttc ctcttttcct accaaaagaa gttgaagaca tttttctaga
46621 tgtctgctag caattttttg gcaatacatt ttttgttgtt gttgttttcg tttctccctg
46681 gagcctagtt tgctcaattt cttcacgagg tcagattagc acagggtgag tttcagaact
46741 gctgtgtgtt cttaggcaag tcacgtcgca tctctgtttc ctactctata aaacacattc
46801 ataataactg atctagccaa taggactgct ataaggtctg atatcaatat gtttgtgaac
46861 aactgtgtga acattcttaa gtgctgattg tgtgatttta cggggtattc agtatcactc
46921 caccttctct ttcttcaaca cacaactgct ctactaacat gctcatgggc gcttgtaaca
46981 ttgaaggaat atttcccctt taaagtcatt tttgttgctg gcccctttaa gaggatttga
47041 ccattatcaa cgtgtggatt taaagcctct atttactact agaatatttt gcacaacgct
47101 ttgaatggtg tagttaaagg gataaaagct acagactaaa atagtaaata atctcggaag
47161 gtgaataaat tttactagaa tgctggcact tgttttgtag gtggtaagaa ggccactata
47221 ataaagacag ctaatgttgg ataatgacaa aagcaaggct ttcggagcaa gatacactgg
47281 attcaagccc atatattacc ttaagatcct tgggcttcat ttttggagct tcctcctcca
47341 cctctgtaaa atgggcacac taacgccctc caaacccctt taaaaatttg agtggaaatt
47401 gaacaaaaaa gaagactgga aatacagttt gtagaacact cagcacagtg tctggttcct
47461 gacagccctt caataattac gaactgctaa tatgattgct cagactaagg tggtacgcat
47521 gattattaca aacagtcatt atcataataa tgtcattacg aacaatcatg aaaaactaaa
47581 gcttcatatt tatatattgc ataatttttt tggttctggg taaactaatg taatgatttg
47641 acatacgcaa catcctgaag ttagcctttc tctttgtctg tatccccttt gtacctgtat
47701 ctataaatta tctctgcaat atacaaaatc tttattctgt taagaagtca gtggaatgtt
47761 caagaaagat caagaattcc tggaaccctg tcttcatctg caacaaacta cgctgtactt
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47821 tctgatcatc ggcaatgggg attctacatt gcagaccctg gtcctttctg ccagccttca
47881 gaccttgttt acagacctcc tgaggataca cttttctcac ttactatgtt tctttggatg
47941 gcaacctata cacctctcaa taaattttgg tttacttagg agctgagggg cacagaaacc
48001 tagaaaccta gattcaattt gtgccgattt atgagacaca cgcacgacaa tcctggaaac
48061 tttcccgtag ctcactttat aaattaaccc cttatttaaa tattctgcag actcagcaca
48121 gagcagtgtt caatggggac atggtcccag atcagccttt tgggcctctc catgtttgct.
48181 atcagaacac acgggccctg ttcggcacaa acaatgcaaa tttacaagat ttatgagaag
48241 aagggaatgt tcctatcctg ttgttattca ggccacagca tcactggtct taacaggctc
48301 catactgctc agttccagac gttcgacagc tggacttggg atgcatgtgt gagcagtgtt
48361 ctgatttgac tgatggcttc actcattcac tcattcagtc attcagctga aatgttccaa
48421 atgcttaata aacgcaagac aatgaggctg aagccaaagg gatgcaacac agagtaagac
48481 acagtccttg gcctcaaaga acttatattc cactgggaga caaagtgcct gtatggtacc
48541 atagagaagg catgaaacgc atgagccagc aaaccttggc tggaagcctg cacttgcttg
48601 tgagctgtgt gactctgggt aatttatcgg atcctcttat gcctcagttt cctcatcagc
48661 aaaatgggtg tagtcatacc cagtttcaca gaggatgctg aggtaacagc attcaatcaa
48721 ctgctgtgaa atctctaagc accatataga tattcaagat tcttaaacac atcagtaatg
48781 cacaagagaa aggaacatat gtgcagtaaa ttaacaagcg aaagactatg aaaaatcaga
48841 tacaagcacc ataagcctac tggggttatg ataaaagagt gtcctcactg cacgttgtag
48901 gtattgtaac ccaattttct gaactcgcag aagaggacaa tgatgaggaa ggagaataga
48961 aagcaggagg aggaggagga ggaggagatg gctgggccat taagtaaaca tgagaacagc
49021 cacattagag aaacaagctg tatgcaggaa agagtgcaag ttgaggactg gtataaagaa
49081 agagcttgtc atcccagtgc tttgagagaa tgaggtgaga ggactgcttg aagccaggag
49141 ttcaagacca gactggagaa aaaagcaagc aagccccatc tctacaaaaa aatagtcaaa
49201 attaaccaag cacaggagtg catgcttgta gtcccagata cttggcaggc agaggctgga
49261 ggatcgcttg agcctaggag ttggaggctg cagtgatctc tgattgtacc actgcactgc
49321 agcctgggca aaagagcaag accctttctt aagaaaggaa aaaaaaaaaa aaagatcgag
49381 agaaaaggct gagcctggcc actttgcttt tctatatccc accaactgat taacaccaat
49441 ggggacatag cacattgtcc aaatggcaga aatcctttaa agaaagtttc ttactttcag
49501 agagaaaaat aaatagaact gcatgagctc aaaagtcact ggtgaaataa ttataaatgg
49561 atgtcatctg tctttggggg aagttctgta atgaatatca cagaagaagc tcaaggtttc
49621 ctctgtaaag gcgcctcccc aactcacgtg ctggcctgta tgctccacca tgacacatga
49681 ttcccttggg ttgtccattc tttaatcaca atccctcctg agagggccac cacaggacat
49741 ggattcacac tagcaggatg atgacttttc taatccagga aggagagagg gacgcatttt
49801 cccacactcc atgccactgc caatagccga accagtgaag cgagcaggtg ttaggagagt
49861 cagggtgtgt ggagtggcag agtgtggtgg tcttagaata tgcccacaag ttctttgata
49921 gacctccctt gcaatggtgg agccaggttc ccctctccta actatggtct ttactagtat
49981 tcttctaatc aatagaatgt agctaaagtt acggtgcttg acagtgcatg atgtctaaga
50041 atggggctta aaaggccatg ccacatcttc ctcacactct ctctgagatc atcactctgt
50101 gggagaccag atgacatatt gtgaggctgc tcctgaagct gtacagagag gcccccatgg
50161 tgaagaactg aggcctcctg ctaaaagcca catcagtgag ccccttggac acgaaacctc
50221 cccttcagtc aaggattctg agactgcagc cccagccaac agcttgctgg caacttcaga
50281 aaagaccctg agctagaatc acccagctaa gccactccct aattcctgac ccacaaagac
50341 aatgagattc taagtgctta cattttgggg taatttgtta ggcagcaatg gataactgtt
50401 gcagatacct aggtggtgag ttagtggatc caggcaaaag tgacaagagc aacacaggta
50461 gttatcacca aaagtgagga aagaggaagg gtatttgaga aaattacgac gagatcacca
50521 atatgcgaac ctgccaagga tgttttcctc ccctgtgtct cctaagagac tgtactctag
50581 cttggcttga catgcagtgc tacagataga tgctcagcaa aagcttctgg aggtcatagt
50641 tataatcatt attttcacta gtatttactg agtacttatt gaataccagg gattatgctt
50701 tgtgctttac ataaattatt tcttcttctc aatggaaata gtattatgat cactctttca
50761 cagatgaaaa aactcaagaa aagaaagact gagtgaccca cctaaggact tgcacccaat
50821 catcatgcag cctgcctcct ggtgtgcagg tcactgatgc tggctttgtg cacccgggca
50881 tgggcaccgg ggtctcccac gtagggtacc agtgtatact caaagccaca ggataaactc
50941 actgcatctc cctagagcac ccattttatt cactgctaag catcttaaga catcattttt
51001 acatttacat gaacacagat attttgagtg aaatgtaaac ttccatagga gcttttagga
51061 tacatcttgg aggctggtca ggggctactt caggggatat caatcctcca ggagcctaaa
51121 gatattcttt gctgaaagca ctagctaaga cacagcttat aaagggggaa atgagggctg
51181 gagggaaaac atgacctcga aagtcacaga gatggtgctc agacagccag ggtcttcagc
51241 ccccaaattc tgagtggttc tcagctctgc aagcccctcc accagccagg ctgtgatagc
51301 tgcaagctct ggagggctag gaacgcagtc ccttcttctc ttacagaatt cactcccaaa
51361 acatcacatt ctgccctccc cttccactag cactgtgatt actgctgcat cattagtgcc
51421 ctttaaaaga acatggtttc caaatcctcc taaacatgtt tgcaatgatt gctatggccc
51481 ttttgataaa taaatgaaga agacgcacct gacctgatgg ctatagaggg taaggatggg
51541 gctgtaggag aaagaaaagg acactctgca aacgacagaa atagtcattt acagtggcaa
51601 ggagggaggg aacgctctga ctcccagggg gccctgagct gctcagatgt tccctccaat
51661 acaagctgat gccgtcctgc ttggccaaat cgacctgaac agcccagaaa gctgcacggc
51721 cgtacctgtc agccccaatc ggtgctgcag aaattttgtt aggaaaatag aggtactgag
51781 attcaatttt tcgattgtct gaaggcttaa tttagtgacc ttggaaaata tctcctagag
51841 gtgaaagaag atgctgggaa tctgctggga ggaaggaggc ttccctggta atgggtaatt
51901 tgtttactct aattttgagg cctcttcagg cagccaagaa aatagtcaga taggtactac
51961 cacttcttag aaaaagtggg ggaggggaga gccatagaaa ccagtgagag aaacccccag
52021 ccatacggca ctactttctc aagagcaggt aggcattatg ataatatgta catatatgtt
52081 ttatgtgtat atatatataa atatgcttat tatgaaaatt ttaaacatac acaaagggag
52141 gacaataacc ccatataaat atcattcaga tgcaaatatt actagaatgt taacactgct
52201 tctttccttc atcctgtccc tccttttctt tcttctttca ttgcggcagc tcttgctgct
52261 gctgttgcag aagtattttg tttatttttt ttcatgtaaa ttttttatag agatgagggt
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52321 ctccctzatgt tactatgtta cccaggctgg tcttgaactc ctgacctcta gtgatcctac
52381 cacttcagac tcccaaagca ctgggcttac aggtgtgagc cactgtgtct ggccccaaag
52441 tattttaaag caagccccag acctcacatc atttttcctc tgctgaatgt atatgtcaga
52501 tggtatttag aagaggcggg gttgctctgg tgctcaacag cttttctcat taataaaact
52561 actcaaagaa aaatgctagc aggagggagg agctctggaa ttaggagttc caattttggc
52621 tacaatctgc aattcctgta ggatcttggg atactctgaa cctctgggtc tcagtttcct
52681 taggttgggg aggataatga ctcctagacc tgttagggga actgaatgag acatgacttt
52741 ctaaaatcct tggcacagaa cctagtacag gctaagggaa aggtgtgatg attgactata
52801 tgtgccttgg acacaggatg acaacaccaa aaataaaaag aaggcaaaaa aaaaattgta
52861 ggtgtcaact tgactgggcc acacagtgcc cagatatctg actaaccatt atttctgagt
52921 gtgtgtctgt gagggtgatt ctacatgaga ctaacctttg aatcagtaga ctgagtaaaa
52981 ctgattgccc tgccctgtag gggtggatct catctaatct gttgaaggcc cgaataaaac
53041 aaaagtctga gtaagaaata attttctctc tttgcctgac tgtcttcaac ctgggatgct
53101 tgtcttctgc ctttggatga ggtttctacc atgggccctt ctggatctcc agattgctgg
53161 ctacacttct tgggacttct gggcttccat aattgtgtga gccaattcgc cagttcctaa
53221 aaatctctat ctgtccatct gtctagctat ctgtctgcct atctgtctct ctctctctcc
53281 atccatccat ccatccatcc atccatccat ccatcttcca gatggaccct gacttatgat
53341 ggttctgctt atgatgttta gaatttatga tggggtggaa tiggcaaggag aagaagtcca
53401 agggtttaaa tcctagcttt gccattcatg gctgtgtcgc tttggcaagt ccctttaacc
53461 tctataagtt ttgattacct tatctctaaa agggggaaaa ctacatctac attttaggat
53521 tacatacaag aatgcaatgc agaaaatgct gctcaaaaga cagtggcctg agagtctcca
53581 ttacatagtt tccaatccag ctgaggctaa atggcaattg caatagagaa ataataattg
53641 tgcccacttt atagggttgg aggactagag acgatattgc taactacgat taatacagtt
53701 ccctgcacat aattggcaca cacataatta ataaaggtca gagtgtgaag ttttgtaaat
53761 aatgatagat tatatcacgt ttattattag gacatgtgtc caatagaatt tggtatatag
53821 taggacctta ataaatgata tagttataaa ttaaattatt attatatata attatatact
53881 aatgataatt taaaaatgcc cagtgcagtg ctgaacttta gatggtagac accccatagg
53941 cagatggcag ggaacagtaa cactgatggt gacgatggtg gtagaatcct gtacacggtc
54001 atattgccta aatgttggtc ctaaccgtat ccgttcttct cactcacctc cagcccaacc
54061 tcctattctg catcccccag tttttgcctg gcccctggtt taacacccag gtccatcgaa
54121 ggctcttctc tctggaggct gtgcttttat tgtcattgtc tttgccactg tgacagggag
54181 cagaagccag gtcttgaagt cctcagcccc caactcctgt ggggcgtaca gattagatta
54241 gctggcctct ctcattccta ctgtcacttg ctgcctcctg taatgttggc aggggtgtca
54301 ttaaggcctc acagcctgag gagctaatag acacaccagg gctcccagtt gccaatgcct
54361 gcagcaatgt gcacctcttg acacccagca gctaatttcc cttcataacc tgacaatttc
54421 aacagcaact ctgtccccag tcatgtcaac cagcttagcc cccttactct gactcctaat
54481 gaggaggtgc agtgcctggt tcccatcctg aaataacaac actggctgct ggccatatgt
54541 tttgttgttg ttgtttttct ctgaaatggt gtcttgcttg ccgcccaggc tagagtgcag
54601 tggcgccatc tcggctcact gcaaccgctg cctcccaggt tcaagtgatt ctcctgcctt
54661 agcctcccaa gtagctggga taacagacat gcaccaccat gcctggctaa tttttttttt
54721 ttttttattt ttagtagaga tgcggtttca ccatgttggc caggctggtc tcgaagtcct
54781 gacctcaggt gacccaccca ccttggcctc ccaaagtgct gggattacag gcatgagcta
54841 ccacacccag cccctttttc tcttagacct cactcttcca gctcctttca gtcctggggt
54901 ctccctgcca gaaaatgggg ctggaaatgt gttaaggaga aacttgcaga acagaaaaca
54961 gccttcgaga ctacacacct gaccctggag ccacagagac tccagctcca cttcctctgt
55021 gagttgatga caccgagcct taccttcctc atctgtaaaa tggtcaagat catcgtgctti
55081 cccccacaca tggtgctttg atgtcatctg cgtgaagctc ttatcacaga gcccagcact
55141 tggacagtga gcaattaaca tctgctctca ctgtcttaga ggatcagcca ttcaggtttt
55201 catgcattta ccctttcact tgatgcctat gtactttgca gttgggggaa cagctaaatt
55261 tgatttagcc cccacagaaa ggcagcctgg agttctggag aggagagcag gtttgtgacc
55321 agagaaacca gggatcaaag ctctctggtt cccttgcacc atctttaaca tgtgggggca
55381 ggaaagcgac acggggagga aataatctaa acccggctgg ttagtcctca agaggcaaag
55441 aagaaacata ttcaaaaaat gtaatagctt ggtgtccggc atgtagtgtg tgatcaatga
55501 ataccacttc cacttacaga gaaagggaga tggaggcaga ggacagctaa ggaaatccag
55561 aattgtcaca cagctggtga gaggggtggc tgtgactgtg acctcatacc acccctcaaa
55621 cctcaccact gtgctcttat tgtgggttga atggtggcct ccaaaaaggc agttccatat
55681 ccaaatccct gcaacttgtg aaggcaagct tattgggaat caggtctttg cagatgtaat
55741 taagttacgg atcttgacat gagatcagcc aggaagaccc taaatccaaa aacaagtgtc
55801 ttcatagcag aaaggtagag ggagatttga ggcagacagg aaaggaacac aggagaagag
55861 gagaaggcca tgtggctgca gaggcaggga ttggagtgat atggtcacag cccacaatca
55921 cgagcagcca ccagaaacga aagatgcaag gaacagattc ttagctagag cctccaaagt
55981 aagtatagcc ctgccttgat tctgaatgtc tggcctccag aactgtgaga gaatacattt
56041 ctgttgctgt tgttttgaga ctgagtttta ctctttttgc ccaggctgga gtgcaatggc
56101 acgatcttgg ctcactgcaa cctccacctc ccgggttcaa gcgattcacc tgcctcagcc
56161 tcccaagtag ctgtgattac agggcacgcc aggctaatct ttgtattttt agtagagaca
56221 gggtttcacc atgttggcca gactggtctt gaactcttga cctcaagtga tcggcctgtc
56281 ttgactccca cagtgctggg attacaggca ttcccggttg tctttgtaca atattttatt
56341 aaatgtcttt acaaagcaac atccagactc cgaatacaac tgccaaggac agcccgttat
56401 gctatgggga ctggctgggg catagcaggt ggctctggct tcccaccctt ctgttctgag
56461 atgggagtgg tgggcactac ctcatctttg ggttccatga tgctcacgtg gtcaggcaga
56521 ggcttcttag ggccagtctt accagcgggg tcccagggca gcatgacctt caccttgatg
56581 cccagaaaac cctatctgag cagcacatgg cacacaacag catcaatgta ctagttaacg
56641 tggtctccgc tggggatcat caggccatcc acaaactcat ggatttgacc ctctgtcctc
56701 agagtctcct agaaaccaca gcttggcagc ctatggcccc cctattcatg atgaaccaca
56761 gcccaccatc gcaggccctc cgcacagtaa gccctcctag gagtttgtac tgcagactcg
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56821 acctgggcaa tggcacacag acctctgggg ccaccttttc agcataaagc tctacaatgc
56881 cctgtgggaa gccaaatctc ttctgaacta cagcagtcaa ttccagaatc cctggctgtt
56941 ctcaccagga acattttttg ttctgttggc taagatattt gttactgtcg tgatgggtgt
57001 aacttgaacc tgagcttcag agaagcgtct ttagccagct ccggagtaag aaactgattc
57061 cgttcggctt tgaagatgcc atcagcgacc aacatcctct tcttggaaat tcgcgcggcc
57121 atcatgctgc tgcacaccat caaaaggaaa gcagattgtg cctctcttat atctcactag
57181 agcaagtcag gacagtgcag taagaagacg ctgcccatgg aacacacctg ggtgggagtc
57241 agccctgcca cttggttgct ctatgacctt atgaaactca cttgacctc~c ccgagtgccg
57301 gcatcctcat ttatgaagtg gagttgttca tgagtattac cattttcccc tagccttgta
57361 gggtttaggg gatggtgaga gagaaaccac agagcacttt gtttatggct ataacgctgc
57421 cattttctac tgttactatt actaccagga atgaaaacaa caaataaaaa caaaagcaac
57481 ccaaaaattg ctcccaaagg aaaggtgtgt cgcttcctct ctgttctgtt ctcacacaaa
57541 gttgcctagg accctgatat gctttgggtg tgtctccacc caaatctcaa cttgaattat
57601 atctcccaga attcccacat gttgtgggag ggacccaggg cgaggtaact caatcatgtg
57661 ggccggtctt tcctgcgcta tcctcgtgat agtgaataag tgtcacaaga tctgatgggt
57721 ttaccagggg ttctcacgtt cgcttctticc tcattttctc ttgccgctgc cgtgtaagaa
57781 gtgcctttca cctcctgcca tgattctgag gcctccccag ccgtgcagaa ctgtaagtcc
57841 aattaaacct ctttttcttc ccagtctcgg gtgtgtcttt atcagcagcg tgaaaaacaa
57901 actaatacag gccctgaagt actttgcttg tttctcccca gcacctagga aagtatctga
57961 catgtaccaa gtgagcaata catattgatt agaggatatga atgaatgagg aaaacagagt
58021 tgtagagtca atgagctaac ctttgggagg agcttggact gaatacagta aatcaaccaa
58081 tcacacattt gagtcaataa aaatttcatc atcattggtc agtttattgt tagaaaaact
58141 ttctacaggc aaaatgaagc atctaaatgt gtctacatgt aggagtggac tgtttataaa
58201 aagcaaaatg agagttattt ttaaccttca tatatttcta aagatcgttt aaaatcaaat
58261 agatttttaa aaactttatt tcaaggtttc aatcaataaa aagtaaaata aaataaagta
58321 ctagaaaaat aaaatttgga ttcagaggct agaaacctac aatgaacacg tctatcaagg
58381 caggaggatt gctttgaggc cagaagtttg agaccaggct gggcaacata ggaagacccc
58441 atctcaataa aaaacaaaaa ttagcccagt atggtggctc tcgcctgtag tcctagctac
58501 ttgggaggct gaggtggcag gatcacttaa acccaggcat tggaggttgt agtgagctat
58561 gatcatacca ttgtactcta gctcggagac agaacaagat tctgtcttaa aaaaaaaaaa
58621 aataacaagt ctagaaagct cagggtagcc aatccttcca tccccttaga gaaacagcaa
58681 agttaagaca tgcatatcag ctcaggctcg gcgggcctta aatgcacaca tttgcacaga
58741 tacgtgtata cttttatata aactccctga caccagtgac tgggtctgtt ttatcaaaca
58801 atgtccatta aacttcagat gaagccttta ttaaacattt gctgaatgaa tggaacatct
58861 ttagaatgct atatgcgatt acacagacag gtgacctctc tcgttttgca gcatcctgag
58921 atgtgggtca ccatggtgaa cattcaggtg atgataagcg atgatgactt cccttacatt
58981 tttctgcttt aggaagcacc tacctcttat tgaacctgga atgatgggat ggggtgggag
59041 tctgtccttc cttattcaca caggcggctg acacaataat gtgatcatca actcctctct
59101 tcctgcagcc cccaacccgc cagccgcccc agctgcagaa tgcaaacatc tgccagcatc
59161 attaaggcat ttctatacag caccatccaa ggcctgaccc tgtgaccgtt tccaccatta
59221 gatttgaatg acctcagcag cagggctgaa aggctggagt attaattcac agaaccacaa
59281 gctcaattta agatttatatt tgagataacg aagagctact gaaagtgtat tcaaacttca
59341 aagcatgcaa taaaaggcct ttccctgttt tccaagttga atatgaatcc aatatttctt
59401 taacagattt attcacaaat ttacaaacaa cacgaagcct cttttctctg tttctaattc
59461 cttttittttt ttcttttagt tttttggctt tatcaagccc ctttatgatg tttcttgcta
59521 ggaatctttt ttagctcttc ctccctaatt tacaaatgac tcttgtttag gaattacctt
59581 tcaatttgat agcattcttg aagagaaagt agacttcctt aagaatctcc cctaccttta
59641 gttcccttgc attccaacct aaatatgcta agcgtctgtt tattcaacaa tgatgatgtt
59701 gcataaaaag cttticaccca tcaatgtaac tctcatcatg gaaagattca aaataatatt
59761 ccacccatta ggaacacgtg accactgggt tctagtgaat atctaggctc tgaagacttt
59821 atttataaaa tatttagaat tctaggtggg gatgggaatt tttattggtt caagtagatt
59881 tttgtttgtt tttgtttttg tttttctttg agacagagtc tcgctctgtzc tctcaggctg
59941 gagtacactg gcgcagtctc agctgactgc aacccctgcc tcctgggttc aagccattct
60001 cctgcctcag cctcttgagt agctaagatt acaggcacat gccaccacac ctggctaatt
60061 tttgtgtttt tagtagagat ggcgtttcgt catgtcagcc aggctgggct tgaactcctg
60121 acctcagatg acccacccac cttggcctcc taaagtgctg tgattacagg ggtaagccac
60181 cacacctggc ctcacgtaga titttttgaca ctaaagagtt tatttaaggc tgggcatggt
60241 ggctcacacc tgtaatccca gcactttggg aggccaaggc aagaggatca cttgtagcca
60301 ggagtttagg tcagtctggc caatgcactg agaccccatc tctacaggaa attttaaaaa
60361 tagctgggca tggtggtgca tgcctatagt cctacctact caggagactg aggcagaagg
60421 atcgcttgag cctggtaggt cgaggctgct gtgagctaag atgccacagc actctagcct
60481 gagcaacaca gtgagattct gtctcttaaa aaaaaagttt attttaatat ttgaagatgg
60541 gaattggaga tgagaattgt tagctttgga ctcagaagcc tgaatctacg atggtattitg
60601 ctgactattt tgtgtctgac actatgctag gttactttgc attttctcaa agactcagtc
60661 cagcctcaga aatagacttg ggtttaaagc tcagcaacca actgagttcc ctgagcctct
60721 gtctttgtca cctgtgaacg accacatgcc tcagtgcttc ctgaaaacaa ctttaaaagt
60781 tataaacatti gacacatata tgggtataaa aataccacag gtcatctgag cttgaccctg
60841 ggacactgtt gggaatgggt gaacttccta ggaactgcaa acactctggt cactgtgaag
60901 attacacaat ggacaaaggc caggatcaca atattttgca atcctgaaac tcatctactt
60961 tattagccac cgggttttca aaatgagaag ccatgtggtg agcaggggga aagaaggata
61021 aaccagaggc cacatacacc tgttgtgggg tgggggctgg ggggcgcttg gcttccgacc
61081 caccctccat cataactagc tgtgtaacct ggggcaagcc tgtgcctcag tttcctcact
61141 tttatcatcc ttctgctctt caggtaacag acgatgctca acatgcaggg ataagtagat
61201 gggtgtgaag ccacaattcc caacacagag aaggcaaata ggagaaaggc caagagaaag
61261 cacacccata cgtttgatgc agtgcagtgg gttcaatagt gtccccctag aaacatgttc
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61321 actcagaacc aacgaatgtg actttatttg gaaacagggt ctttgcaaat gtaattaaga
61381 tataggatatga gatgagatca tactcaatta ggtgggtcct aagtccaatg actggtgtcc
61441 ttgtaagaga cagaaaggac acaaagccag aggagaaggt gatgtaaggg aggaagtaga
61501 gattagaatg tggtgtttcc aagccaaggg acatcaagaa ttgccagcag tcaccagaaa
61561 ccaggagaca ggcatggcat ggtttctccc tcatagcttc cagataggaac gaaccccaca
61621 aacgccttga ttttggactt ccggccacca aaaccatgaa acaatgaatg attctcaatc
61681 tacccagttt gcgataattt gttatggcag gcccaggaaa cacatacacg tggcatggtt
61741 ggtattaaaa tgcaaggcac ttccctgaag ataggccctg tggtcttgct ttcaccaagg
61801 ttgtcattat atctcaagga agggccacac taatcctaag ttcatccact aatcccaata
61861 aaaaccacct aaattttctt agtgggcaat ggccaactct actcatggaa atggggctta
61921 caagaagttc tcagatcatc agtaagaaag atttttattt aaggatggga aaettgatatta
61981 ggatatactga gatgtctcca aacaatactc ccagatcttc gttgactcca cgattatttc
62041 tiggcgtattc agggcaccac ttccactgtt ggagggcatg caacgtcttc agtagccaaa
62101 actttgggtc acacatggaa aggacattct ggtactgcaa atttggctct ttggcatcaa
62161 aacttagcag tgtccatgac tgttcttgct ttcttacaac acccagatgt cagtggctgg
62221 gggcttctct tatgtctcca gcaagcaggg acagggtcat tgtgcatcct gagagcctac
62281 tagagtgcca ggcccatgac aggtgctcac ggttatcaaa ggaattgatata cgatgacagt
62341 acagaggtaa atagtaagaa caatgccaga gttattttat tttcctccat atcaccacat
62401 taccatcccc attttacaga tgttgatatc aaactatagag tataatattaa tgatatagattg
62461 agtgaataca taaataagta aataatgagt ccatctagga aggaggagac tcagaatcga
62521 gttcaagtct cactcaaaga agactgagtg caagtctcac tggcgcaaac acgtaagctc
62581 ttaaccatca gagatattgc caagctttgt ttacggatga aaatgctgtg agcttgtggc
62641 cttccactgt gctggtgatg cagggcaggc gaaccccaga actgcggctt aggccaacag
62701 ggttcttggc tttgcccagg aaagaattca agggcaaggt ggtggtgtta gcaactttta
62761 ttgaagggac agtgtacaac aggagcagag gtgctgctcc ttgcaaaaca gggctacccc
62821 acatgcagag tacccacagt ggcaattccg aggcagttct gccatcacat ttacacccat
62881 ttttaattat atgcaaatta agtggtggat tatgcagaaa tttictagaaa aagggtggta
62941 acttccaggt tgttgggtca ttgtcatgga aaggggcagt aacttctagg tgttgccatg
63001 gaaattgtaa actgacatga cacactggcg gacacagctc atggaaaggt gcacccaccc
63061 tatccctgtt ttagctagtc ctcaatttgg tccggtgtgt aagccctgtc tatggagttg
63121 agtcttgcct ccagaatcaa gtcccacctg ctgcctcact gggggtcact gaagacaact
63181 ggcctgctga gccggggctc atttcacctg ggaacctgat ggggctgaga agatccaaaa
63241 gaagtgaact gaacagcagt ggccaactga ctgagaaaga gtgcagaaga gtgaacgctt
63301 ttctgtggaa tgaacacctg agtactatgg gcctgctcat gtgctaagtg cttcgccgtt
63361 atcgtttcca tttaattttc tcaacaagcc tccattctag agctaagcac atatgaggatt
63421 agagagatta agtggcttac cctggaacat tcaactcaga aatcagggtg caagtctagg
63481 tttcctgact ctgctcttaa gccgtacact taacctccac tttacattcc ctctctcagt
63541 gctaacgaat ttctgccaat attctcactt acgcttaaaa gcaacctttg gaattacgta
63601 tactggctcc aattcagaaa agacgaaact aaggccccga atagttaatg acttgactgg
63661 caagctagtt acatggtaga ggcagcactc aaaactgccc aggctatagt cctgtggcat
63721 cttagttcac tgcagcctcg acctaccagg ctcaagtgat cctcctgcct. cagtctcctg
63781 agtagctagg actacaggca tgtaccacca tgcccagccg atttttaaac tttttggaga
63841 gattgggtct cgctgtgttg gccagactga tctcaaactc ctggcttcaa gtgatcctct
63901 tgccgtggcc tcccgaagtg ctgggatitac aggcatgagc ctctgcaccc agcctcaaaa
63961 ctgggcctgc cttgtcctag ggctttctac tgcacttcaa ggcctgagtc aatgaaggtg
64021 gtagaacagc tcaaccaacc ctaatcaaca gagaagggct gtgtgtgctg gagagggtga
64081 tggtgtggca gggctggggc aggagctgga acttgtccac actggaaagt agatgggctc
64141 tgatgtgcag cccaggtctc ccttccaggg taacctgtag ccttcagcca ttagcctttc
64201 cagggagtac ctgaacacag agactacctt ctgcaagggc acatccttcc tggggcagcc
64261 cacccaatca cgagtcaagg caggtttata aaagcctggc cacattagcc caatagggat
64321 tagctctgat gggccctttt agcttcataa ggttgactga gacccttgct ggactgcatc
64381 tcagtcagct tctccctctg cccactccat cttcgttttc ttcccttcca taggtgttaa
64441 ttccaaggca cgtgttcttc acaacaaact tgcactcaga gtctccttcc tggaaagccc
64501 aatgagatgg tttctcattt ctaaagaaaa tgacctatga caattaagaag gcttgacctc
64561 atcagaaaac ttttcactgg ggtgactgga ctgccttgga actctttcca tccaagacag
64621 agggtgagga ggcgcaatct caggggaaca gaaagggctg ggacccgaag aggtcctggg
64681 aattttagga ggaagccaag cgatagacagg gcccgtttgc caccacacaa agactcatcc
64741 ccaataccca ggagtacagg acttaacagg ggctaaactt gaactacttg ttgacataat
64801 tagtgctggc tccaagcgag aggttttgta gccaacttgg catgggttcg tgaattttga
64861 ttggcaaatt tgaagcaaag ttcagccaag ctgtacatct attttgcagt gtgccttatg
64921 cacatccaga gaagccaact cttccgatag atctttcagt tttatgattg ttggtagctg
64981 aagatattag ctctttaagg aggcaaatgc ttctggcagg ctggcctgca ctaggaatag
65041 gagaaatgcc ttctggtttc ttctaaaatt aatgtaataa gatgcattaa tcagaattct
65101 atcaagtcta cacacttggc ccaggcttaa gaagcaatac tttgaaactg cagttggcta
65161 agcttcccta ttctttgtga atcagagtca gggttgaaga aggaaaaaaa aaaaaaaaaa
65221 aaaaaaaaaa aagaattagca ctaatgttta agaaaaactg gcaacaggaa aatgtttaag
65281 caacttttca ttccttagct ccaccaggga ttacagaggg ttaggggaag gtttgacctt
65341 tgtatttcca caaacgtact tcagactgtg ggatcaaaaa cagttggtca gaacccaagc
65401 caagtcagga ctggtttggg caatagctca ggcccaaggt atttacttgt ttgtttctgt
65461 ctaataataa cttactictgg gacttgcaat ggaatcttgg ctatttcttg ccttcagatg
65521 tttgtaacca ggtgatgaaa aattttggaa actgaaatag attacacaga tgagtacttg
65581 gcattgcata acttttgact taaagatgat cttctcaaga aaccaaaaaa aactgagcca
65641 caaaatcaga gccaacccca gtttcttcac agcaattgct catttttaga tgatactcta
65701 cattttaaag tgacataaaa gtgtcctgaa cattgtacta caatttggtt gtgcttttaa
65761 tgtgacacag ctacatctgt atttactatt acaactcagt acccaaaaga tgaaaatttt
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65821 taaagacaaa cggccaggct tttgtggaag aaacatttcc cctcattgta tcaaaaaaaa
65881 aaaaaaaaaa aaaaaaaaaa agagtggctc cttcttgtct ggtagatttc agtaattggc
65941 aggattttga gtaagctctt ttaaaagccc tccatttcta ttttcacatt aaacacactt
66001 gcaatatcta ttaaaagcac aaatactgaa gaacacacca agactatcaa tgaggttaca
66061 tctggagtcc tcgatatatc aggaaaaaat gaagtgaaca ttcacagagt tttacttctt.
66121 tgggaactca aatgctagaa aagaaaaggg tgccctcttt ctctggcttc ctggtcctat
66181 ccagcgtccc aaattttaca tcaattcttt atcagagggt ttatcagagg gggtccagtt
66241 agggatttag tttaaacaac agatactgga ttctgccttc attttgggga gtatttattc
66301 acattaaggc agaggggatt ccatgctaga aaagcagaat agaagcagga atgtttctgc
66361 catgttctgg ctatgaccac ttggccttac agttctaggg tgattgagca atatcccagg
66421 aaggacacac aaggtcaccc aggagacttg ggaacatcga gagagagcag ggccagtgaa
66481 tgggttgggg agagaacctc tgagccctgt atatatcttg gaagtcactc tcaagtttat
66541 atttgggcag acagagccag atgtcagcat ggactcatag gcagccaagc agcaagagga
66601 gggtcactga aacactggca gagaggtctg cgtacaactg tccttggcct cagacagatg
66661 cattgcagtt ctaaagctct tttgctcctt ttcagatttc cttaaaagaa caggaaggga
66721 aggaaggatt aaaacccagg ggaagcaaaa ggagccatgg ctcagacgaa gtttccttcc
66781 agagagactc cctctgcccc cataaatgtg tgttttggag gacagcttac gcattgggca
66841 aggaggtcat catggtctga gatttcaaat tcttggtcag ggtcctggca agaggcagat
66901 ggtacactca aaacgggtaa cgtaaaaagt gtttagtaaa ggcactgttt gtaaaggtcg
66961 gtgcagggtt taaggaaaca gcaaggtttc atgcaatgta ctccagttag taacagcagg
67021 aacagctcct gcccttgtca gctaaaatgt atgaaacctt cttttttttt. ttttttctcg
67081 agacagagtt tcattctctc agccaggctg gagtgcagtg gcacaatctt ggctcactgc
67141 aacctccatc tccgaggctt aaggaaatct cctgtctcaa cctcccaagt agctgggatt
67201 acaggtgtgt gccaccatgc ctggttaatt tttgtatttt tagtagagat gggttttcac
67261 tatgttggcc aggctggttt caaactcctg acctcagaca atctgcccac ctcggcctcc
67321 cgaagtgttg ggattacagg cgtgagccac tgtgcccggc ctggacgaaa ccttctacag
67381 aggaaggtgg tgaagtgaca ccctgcaggg agcaagcctg aaaattaaat tgctaaatcc
67441 aaccagaaga agaaagggca agagagccaa ctatggtcag cttccaggcc aggtggaaga
67501 atgtggggag cacaaaggta gctggtgcac agaccgcacg cgagagagcc caagggtggt
67561 tttgcaaggg cagatgacag gactagtggg gacaacgccc acagttcccc aacttcaacc
67621 agaaggcctt ggctgtaatg tcttatacac tgccatgtca cattagttgt tacatgaagg
67681 cagaactttt tcccccaaaa tacctgattg gaaaaccttg accctggatg tcacgctggt
67741 ttctcccagg tctaaggtgc atgattccat agaaaagaac caatgtaatc cacaaaggat
67801 acatcttgaa attggatagg ttggaaaagt acacaggtgc ctttatccac gccatcactg
67861 caacctcttt tgttttgtac atatatgaaa agccaacatt ctaaagtaga ggttcactta
67921 attttttttt tttcaagaga ggcttcttgg tagtttcatc acacagtggt tttattaggg
67981 gatgtaagga ttacagaaac atcgtatttti titaacatata gtattttttg aatatgattt
68041 gaattaatat agaaaagtgc attttttcca gttttttagg gaaaaggaga tacttcacca
68101 ggaggataaa aaggaacaag aggggaaggg gaaataaaaa ttccagaaag atgaaaaatt
68161 gttgatgtaa gatggaggca catttttgcc aaaattctct. agaagaaaga attattatgg
68221 cttcccagta actgactccg cttzgccggca gcgggaggat ctggccgggt tctgtcttct
68281 cctgcaatga cacactgtcc tgcactgaaa acttgagcca cagcccatgt gcctgggcag
68341 tattgctaag tgcagatatt cagcaaggaa agaaaagaaa actcctaaaa gaaacagcag
68401 ttgccttaaa ccagcggaga tataatagaa cctatagaat tgggggtggg gagacaagct
68461 tcaggaaggt taacactggg gcctctacat tttctaatat agattaatgg cttgctcagg
68521 caagcagcta catgcttgct aaatgtgctg accgcctgaa attagcaaag gtggtgacga
68581 aggaagggag aaaaaaaata aaatgagctg aatctgtatg tgccccactc atcctggtct
68641 gacatatgac aaacaaaatt aacggcgaca aagagaaagc agtaagtatc aggtagtaga
68701 aaacaaacat cgaatgaatg tgattgatct caaaggaggc cttttgttgc tgttgataag
68761 accttggaga cacaatggat acgtgatgaa cacacacaca ggagctcaca catgcacaca
68821 cacacgcaca cacattcctg cccacatata catacatcaa agccagacca ccacagaatc
68881 agataggcat cattatatat ctictctaacc aggacaaaat atgtgtcccc agaaattaga
68941 atagatgatc ttggactcta gcaaaactca gctcaagtat cctccattct ggtaaccacc
69001 tgacaaaaat gttattaatc tagcacttga aaggtatcaa gaaaagcagg cttcttggac
69061 ttaaatttct gagtgttttt tttaaggctg tatatttata gcttaggagg gaaaaaaagg
69121 aaattaaggg gaaaaaaaat taaatgaaaa acacttatga cctaaaacat ctctgtgagg
69181 taggtaacgc tatgatagca aaacaacaaa aatcagaagc aatattaaag gtacatttga
69241 gatgctgaat ttttttttcc tgaaaaacaa tcaaccactt atagaacaac gtgtatacaa
69301 gttggaaaaa aaaaaaaaga aaacatctca caagtatctc agtattttcc tataactaga
69361 cggaaataag aaattacatg ggtttaccta ttaaggtaga ttccctaatt gtgtttcccc
69421 aaagattcat aacaaaattc ttatatttga ttttattttt ccattttaag acaaattcac
69481 cagtgagtca aaacctcttt taaaaatata tgtgtttaag aagatgtgaa atgatagaaa
69541 ataagacagg ggaaaatatt taaaaagttt gaaaacttat aacacaaaca tggggtcttt
69601 agtttatggg gcttgtaaat tagtgctgat tctgcattag tcaaggcctt tggatagatt
69661 ttttttttag ggggtgggag gatggagtct cattctgtca cccaggctgc agtgcagtgg
69721 cactatcttg gctcactgca accttcgcct cctgggttca agtgattctc gcgcgtcagc
69781 ctcccgagca gctgggatta caggtgcctg cgcctaggcc tggcaatttt ttttttttat
69841 ttttagtaga gaaggagttt cgccatgttg gccaggctgg tctcgaactc ctgacctcag
69901 gtgatccgtc cacctcggcc tcccaaagtg tcaggattac aggcaggagc caccatgccc
69961 agtcagatat gtttctgttt ttgggttttt tttaacaaat attttcaaga agttgtttga
70021 cattacccaa gaacataaga cctgtcatgt taaatcggtg tcaccctgag ggtctcaaaa
70081 cccaatggca ccaagagatg gcctgtggct ggctgctgat gtcctctata atgtccaccc
70141 tcacagaatg gggcattatc ctaaatatgc cccaatcttt gggatgtcat cttgtctttt
70201 aaaaaattgg cagatacagt gccaagttag gacacctagt tcctatgcat tgccatgcat
70261 tggtacctac tgtatttggt ctctgtggtg gctggggact ttggggttca aaagagaatg
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70321 agacttgatc cttttcagaa agatcttact gtgtgagagg gtaaacaatg atgagggtaa
70381 gaaccacagc tttgatggtg ttataatagc tatagtttat caagtaatta ttacatgtct
70441 ggcacaattc tttaaaaatt ccatttattc ctcaaaagaa ccctaacagg tatatottat
70501 tatcctcatg actcagtaag aagagagagg cttaccaagc ttaagtaact tgaccaagtg
70561 ttagggactg aatgtttgtg tccctctacc cctcattcat atgtcaaagc cctgaccatc
70621 agtgggatgg tatctgggtg tgggaccctg gagaggttgt taggtttaga tgaagtcttg
70681 aggatgggtc ccctcatgag gggattagta gccttataag aagaggacaa gggggctggg
70741 catgatggct catgcctgta atcccagcac tttgggagac tgaggcaggt ggatcacctg
70801 aggtcaggag cttgagacca gcctggccaa catggtgaaa ccccgtttct cctagaaata
70861 caaaaagggg gaaagagaga gagaaaaagg aaaaagaaag aaaagaaaga gggagggaga
70921 gagaaaggac aggagaggag aaaggaaagg gaaaggaaag gaagaaaggg aggaagaggg
70981 agatgaagaa agttaataga tacagtaaat gtacacagtg atagcttctc aaaggaattc
71041 tagtgacata aatatactag tagatataat tccccgaagt gatttatcca acccagagag
71101 cctatgaatc acagagagaa tgaaggatca tcaattactc agcaattgca gaataatata
71161 cctatgtatg tgagtgacca tgtgtataca acataaggta gatcacaact aagaatgtca
71221 caaaacactg attgtttttc ggatactgaa ttaccaaagt. cccttcagac tttttcatca
71281 tttgttcact gcattcctct aaaatccaga cgagaagagg agttgtctta ctggcacact
71341 gctttcctgt cccttccctt tataaacctc tgaaatacag tgcaagttac tgaacaccag
71401 agaagctctt tgatgcgtcc tcggttcacc aaatatgctc tggccacgga atccccagct
71461 ctgcctgcaa tattttctaa atigtctgaat gcatagtcca cacagcatta ctgtctcttc
71521 tggcattatg acaaaatgac tgagcacttg tctttttgga tcttgcgctg tcatttgtct
71581 tttttaggga gttttttttc ccccctgcat aagatgattt gtctccaaaa agaaagtctt
71641 catagagtta ttcctacaga agggagcaaa tctagtttat attcccacct tcttccaccc
71701 ttgatactat ggcccgcttc aatcagcatt aggcaggctt aacaattaga accaaacgtc
71761 ctgttcagcg gaagaaataa tgggaggtaa aatactccag cactgcagaa tttgtcaagg
71821 caatcatggt agcagggaaa tgctttaatc agttgttgac tattaattta ttttgttaac
71881 agcaaatatg gatccaagaa tctcaagtga tacagggggt tcccataata cttcctaggg
71941 atgttttctg agttgacatg taatatttga tagcttatat gaactgccaa tacgctgtca
72001 ttctcaaatg ttaaaaacaa gt~gtggctgc atgtgtccac ataaatatac cggctgatca
72061 tatgaggcag ggtaggtgat tgggcagaac atgatatttc atagctaagc tgccatttaa
72121 cagatccagg tggaaattgc agatcagctg agaataagac tgtgttctga tagaaatgtt
72181 ttgaaatttt cagtgtagtt ttgaaaatgt ataggcaagg ggtacccgtc actctgaaga
72241 agaatattaa aggaccattt aacagaactg tatgagggct cctcttcccc atactcttaa
72301 ttcactggtt taggtctgga aatttccatc aagggctgaa ggattaccag gaagcataaa
72361 aatggaaact tcaacatttt tcctttgatg aatccatgtt cttggtgttt ctattggtgc
72421 tgagatttgc cagatgaaca ggataccaag ggtcccctaa gggagacttt gctttgagaa
72481 ggtgagtgtg gaacatgcta acccacggga ggagggaaag ctcatatgca catgcaactg
72541 atctgccata gagggtcatc atcccctggg aacagtgacc caagagcttt taggagctca
72601 cacactgaac acaccgctat cctccccttc cttcttcctg tcccagctaa gctttgagaa
72661 attgtcatga caaccacagg gtcaaacaaa gcccacatgg cctcattcac actcccagtc
72721 ctctttctag aaggcatctg gaaacagggg tggggggccc ctgtgtacta ggttaaattt
72781 ctggagtttc tgaaaaactg ataggaggag ggaaagaaga catgacacca aaaataaagg
72841 ctaacttcta cctatttggg gcaagtggaa gttggaaagg aatactgcca gaggctggca
72901 gagtcctcag ggtagaggga tgggcttcaa ctttaatatt aacctgaaaa ttaagaagtg
72961 atttcatctc attaatacat actagggaag ggaagcagaa tatatcaaat ataataaaaa
73021 gttttcattc gaaaaatgct tttttcttcc tagaatacca cggtggtttt ttcttttttt
73081 tttttttttc aagatctcta ttggctttgc tttggttcct gtttcccccc taaaaaaatc
73141 taacttctaa aaacattctg ctcagacaac catttcaagt tataggacac atgctctaaa
73201 ggaaaccatc caggagaaac atttgcacaa gttctcctat gacttgagat tgcatctgag
73261 aagggtgcag ggggagaaca gacagaaaca gcccactctg tgtgcagaac gccgtgtgtc
73321 ctcagtgttt ctcggggccc atagctcatt agctgcagtt ggtatgaagc ctgcaacctg
73381 tgaggccata aaattccgaa taataattca tcaggtcctg agaattcticc taagtacatt
73441 tagatcaagc gcatgacatt tcgcccctaa tagcagcatt ggcaaatggc ctaacggaat
73501 ttagatggct ccaccaagcc gcacaactat attttgtgtg ttcaaatgag gggcagccgt
73561 agaggttgat gggtggacat aaaatagcag tttaggctag tggtcaagat cacacaccac
73621 gacactgggc aaattagaac ctacgcatct caatttactc atctttgacg taggatatta
73681 atatggaacc actcaatcta gtgtgaggac tacatgaaat aaatgcttag ctgatgcagg
73741 aaattaaaga tgatggcatg tttttctgtt ggagtttatt ttaaaccaat gaagcagtga
73801 ggaagaggcc tctacttccc agaatgttgg ctactgactt ttccagttaa gaacaccctt
73861 ctatgacatc ggaaattcac aaaggtccac atttttagta atcatcaatt agtaaatatg
73921 taatgatcag gttagtatgg attcaataac gctttaaaat ggatttctac tttacacatc
73981 ccaatagcat ttacccatat ttgaaaatta tttgcaccta tatctaagac ctattattta
74041 ccctacctag tataaaatac ttgcagcata tacaggtttg aagtggccat acagtagttg
74101 ttcctgggtt gcaaagggat ccatagtcca aaggggtgaa tgactgctct tgaggactag
74161 aggttcaggg tccctatggg tatcacagga ggagcatatt cagagaggtt aaaagaggac
74221 atgatcttga ggtggaataa catgggtgcc aaaaattgag gagtggggtt gactacaggg
74281 agtcctggtt gcttgggcct aggccctagg agagtctcca aatggggaag gggatgcctti
74341 tgagcacaaa tgtctgtggg gaaagatggg acatttgaac tggttgactt taattctgga
74401 gtgaacatgg aaaaagaaaa aggagaacca gtctccaaag cagttaaact gtccgatgaa
74461 atgaaaacgt tctgtaaccg tgctgtccaa tgtgttaggt acatgtagct actgagcact
74521 tgaaatgagg ctagttaatg aaaccgaaga agtgattttt acaaatgtta tacaacttta
74581 attcatttca gtttaaatag ccacatgtgg ctaatggcta ccgtatcaga caaacaagca
74641 gctctacagt ttggtcaggc cactttggag aagccccaat tatgtaacag tacgttgttt
74701 cttctttctg agaatcagct gatgcccatt acaggctggc gcccttcaat ctaagagatat
74761 atttctttcc ataagccata aaatgctcct agatgaaatt gactggcttc atcccatggc
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74821 actccacatt tgccacattt gaatcaggtt ttagccactg tcgttaatta gaatccatgt
74881 agaagcaaaa acatttaaaa taaacccggg cccttgatgt tatagctgtc atttttttac
74941 atggcctcat gattcagcga ttaatggacc ttaaaacaat cataaaacat caaggcctgt
75001 gttcaagctt agaagaacaa gaatagtttt acttctgctc tggtcctctt gttttagatt
75061 cactgggtgt cactggcatc tgtaaacact tttaagtatt ttgacattgt ggtatgagat
75121 gttgttaatc tgtttcctgc ctgaccttca ctggccagtg gcatgttgcg actcagtgga
75181 aaattcatga aaaacagcaa ggatgtactc agtgacatag attaggacac aataaaccta
75241 aataatggcc ataatgtgca gattccaatt caatacatgg acccaccaaa gacttattga
75301 gcatccagtc tgcaccaggc acttggtgga tgcttgcaca atattacagat tttatttgca
75361 taatcctcag cacaaatgtg gggtcagcat tagtgtcccc catttcatag atgagcatgc
75421 taagacccag tcatgtggct agtaagaggc agaggtagga ttcaaaagca ggtttcctga
75481 ccccttgcca aataccattc ttttcccaat atcccactgc aggacacgaa ctgtttgctt
75541 atgtggcaga ctgtatcttt caaaagtggc catggcagta tgtccagtcc cacattctct
75601 tccagaagag gtggggtcta tttcctctca ctgcaaacct ggttggggtg ggtctgacag
75661 cctaaaaaat agaatgcagg aaaacctagg gctatgtaac ttctatggaa ggccataaaa
75721 ggcaatgcag catctgcttg gttctttctc ttgggacgct cacccttgga acccagccgc
75781 catattgtga ggaagctcag ggtacatgga gacaatgtgt aggtgttcca gccaatagac
75841 cctccagcaa gggtcccacc caccagtcag catcattcct cagactcatg agtgaacaac
75901 cttcagatga tctcagaccc tggctttcaa gctgcttcag ctgatgctgg agcagagaca
75961 agctgttcct gagagccctg ctgaaactac agattcctga acaaaataaa tgttgttgtt
76021 ttaagccact aaatttgggg gtggtttgtt atgcaacaat tgttactgga atatagtcaa
76081 actttaatga aactctaaag atatagggaaa tgcttcaatt ccctcatcaa tgatatccaa
76141 atggccagaa aatgggttct catgaaagaa atcctgagag gaaaaagttc aaggtcttgg
76201 ttgtagaaaa acaccaagaa tttggaagcc ttattatatc agggaattaa gtgaaacatt
76261 tgaaagaaaa gaaaacagac agcctaatga atataccaca aagtttagat ttatgggatt
76321 atatatttat tgctttgact gctaagatct atctagagcc tcaagtggct ttggattatat
76381 tcattatttg gctttgaaag atttcttgtc ttatagaggat cctccacttc tgtctcgaga
76441 ttatagggtg gcattgggtg ttattcccta atgttcaaaa gatgagaaaa atgttgctgg
76501 catgctagaa agaagaccca acaaggcaga aaaaaactct taatctttct atattcgcag
76561 atcttggcac tgtccttgac agtttggaga ggaactgaaa acagaaacaa aaacaaaaca
76621 aaaactggat atctatggag atatagccgt ataaagagtt aaaggaagtt ggcaaagagt
76681 gacagtgact tatttttgac actcccatgt ttcacccaaa taagaagctg tttaagtctt
76741 aacagtgatt aatctaaaaa tccaaagtag atcccactct tctgcatcta ccttcaagat
76801 gcctcaaatc tatgctgtag gccgggagcg tcagctcacg cctgtaatcc cagcactttg
76861 ggaggctgag gcgggcggat cacgatgtca ggagatcgag accatcctgc ataacactgt
76921 gaaaccctga ctctacgaaa aacatgaaaa atacaaacaa tacaaaaaaa aaaattagcc
76981 aggcgaggtg gcgggtgcct gtagtcccag ctactccgga ggctgagaca ggagaatggc
77041 atgaacccgg gaggcggagc ttgcagtgag ccgagatcct gagatggcgc cactgcactc
77101 gagcctgggc gacagggtga gactccgtct ctaaaaaata tacatatata tgctgttttg
77161 gatttgattc tccagaggca gtggtgaact catcaggtct ctctcaaata cacttttcct
77221 ttcttggtta aatattcttt gcctacctta aacatttcac aatctagtcc ttaaattttg
77281 atattttggt agtgatattc ttaatttcat gtacaagacc acatgcagaa aagtactttt
77341 atttttaaga tgggttgcaa atatcaggag aaaggggcat tttgctcatg caaagcttcc
77401 caaatacaaa tggaaacttc ccaaatatca atggaaacca tccgtacaca ttggtagcaa
77461 tatttcaatc tttcaggaat tgttagtttg gaggaaattt agattacttg ggtggctttt
77521 aaaacccgta atactgtcat ggctacatcc taaggatcac agaatgccta aggtataaac
77581 aggatttttt tttcttttct attgatggct gtgaattttc tctgcacacc tgaactatca
77641 aggtaacttt tgctacaaac agcattttaa atattatcaca taaaaaacta tcaagcacta
77701 aattagaaaa aaaacagaaa tttgaaagtg atagttaaat ttatgaagca attctgctac
77761 actcaaaggc tcattgcttg acatgtaaaa cattttgagc tacgtgtaag acctgggtat
77821 gaatttccct ccagtgggag aaaccacagt tctcatcagg ctccaaatga gagccacacg
77881 cagaacatat gcgcttcgca tgtgcgcttg tttgcatgac taatggagtt aatattaaaa
77941 gtcttttctc atcatttcaa ttctttcttt cttttttttt tttttaattt ggctgagcgc
78001 cttttttcct acctccaaga gctgttaatt ttgttcgctg ccgagcaaaa gtcaaagtca
78061 gagtctaaac agcttgtaat gagttttcaa tggcccatct caatgaaatt gagggcaaag
78121 accagccggc tcaggcagtg tcagccctca gatatttatta gtgagggcgc actgtgttca
78181 ggggaaggca tagaggaggg actgcagttc ctgggctctt caagaggacc cccagccctt
78241 attaaaaact tgtgacagcg acaggacaca tgctatctga cccatctgcc acaatctcca
78301 ctgcggcggg gtcaaacttg gttgggaatg aaggagaggg aagtcagctg aaggaaagaa
78361 gggtttccat ctcatagtga tggggctgtt tctatctttc tatctcatca tcaatcagct
78421 aagaaggagg ggcgccttcc ttcttccaag atcatgaagt accaccaggc cacctccccc
78481 acccacacac acacctgttt gtctggtgat ggttatttgg gagaaacgaa gcagtactca
78541 atttttgagc tctgactatt ttatttgttc aattctttta aaattcctcc atcatgccac
78601 ttccaacaga tcccctgtgg ttttacttcc aagaatgcca tttaggctgg acacgatggg
78661 tcatgcctaa aatgcctgca ctttgggagg ccagggtggg aagactgctt gagcctagga
78721 gtttgagagc aacctgggca acatagggag acctcatctc tacaaaaata aaaattaaag
78781 ttaaaaacat gtccaggtat ggtggtatat gcctgtggtt ctaagctact tgggaggctg
78841 aggcaggagg attgcttgag cccacaaggt caatgctgca gaaagctgtg atcgcaccac
78901 tgcactccag catgggcaac acagcgagac cctgtctcaa aaaagaaaaa agagtacctt
78961 tgaaacccac gtaatacttt tctgcacaaa tttaaaacct ccatataaaa cagaattctg
79021 catgagctgg agaatataaat actacacttg agaattgaaga gcaatttgac tatagacttt
79081 ctggccaaat aaatactctg cgaagccact acaataacac acaagagcac gtggtggttt
79141 ggagaggaaa aaaaaaaaaa ctctcacttc ttcatagcca cagcttttta tttaaggaag
79201 aacctatgtg gtttgtgtta agaactgact tgttgtgtga gtggaataaa tcagaactgt
79261 tggatcctgc aagactaatt tatatataat tgatattaaa ctatgactga ttccaagaca
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79321 ttttttaaaa ataaagcacc tactagatac tcttgcacct actggccaca gtacaaggca
79381 ccatgaattc catggcaggc ctggtgatga aaatcatttc atctttcttg ccactcactc

79501 ttttttttca gatgaagtct tgctctgtga cccaggctgg agtgcaatgg catcatcttg
79561 tctcactgca acctctccct cctgggttca agcaattctc ctgcttcggc ctcccatgta
79621 gctgggatta caggcgccca ccaccacacc tggctaactt ctctattttt agtagagacg
79681 gggcttcacc atattgccca ggctgatctt gaactcctga cctcaagtaa tctgcctgcc
79741 ttggcctctc aaagtgctgg gattacaggc atgaggcacg gtggccagcc attcaaccat
79801 taatgcatta ctttagtcac tcactatatt cacaaatatt tattaattag ttgttaagga
79861 caaaactagt gactaagttt tggggaaaat ggttggtctt tgtcctcaac tattaataat
79921 ttaagttctg gtaaaatttc ataaaattcc agattaatat agtggatttc caaagccttc
79981 cataaactac tgtttattta aatacacttg cttcctcggc atttatcttg ttcaacctac
80041 ctgttcaatt ccattcacag acctaccctc tttctctctg taacaattta tgttcctttc
80101 tgtgtcctat agcattgctg ggaaaatgaa acacccgtta aatatcttaa cacagagcct
80161 gtgacagaaa gccttgcacg cattcagtaa acaccagcca aaaaaaaaaa aaaaaaaaac
80221 ctaaacaaac aaaatataaa acaaacttcg ctctttgtgt tgtatatatc tggatatttc
80281 aaaagcacgt ctgatctaag agtgagattc acgcacaggc acattccttg tcactttcac
80341 aatgacaata atgctaataa taataaccag cagagccagg agaagccacc atggtacacc
80401 agcctctggg ataggccctt tccacacatc atctcggtta attctctgca aggcagattc
80461 tgttcttacc ccattttgct gaaaaaacat tgaaagaggt taagcgattt acaccaaatc
80521 acaaaaccag ttaattttag atcaggacaa tcggactcaa caatctataa aatatcaaca
80581 ttcagtttaa attgtatatc ttacacagct ttaatctcct aaaaaaaatg aaatgtccct
80641 ttgtctgaaa ctgaaatgtc atcaatccat atacactaag gagagggaca atggcaggat
80701 gggggtgcac ctgctcggaa gaggtatcca caactcacca ctcactttaa aactctgtgg
80761 ataacttcat tcagaaacaa agttaaggag agaaattgtt aatgtggggt gagagctcaa
80821 aaatttgccc agtaaggact ttggctgcat tcaaatgcta gaaggataaa tatcctcatc
80881 ggaagctaaa atagcaaggg tttgtttatt tttgagatag ggtctagcct tgtcacccag
80941 gttggagtgc ggtgacatga tatcagctta ctgcaacctc tacctcctgg gttcaagtga
81001 ccttcctgcc tcagcctcct gagtagctgg gattatagca catgccacca cacccagcta
81061 atttttgtat ttttagtaga gatgggattt caccatgttg gccagggtgg tctcaaactc
81121 ccaacctcag gggatctacc tgcgttggcc tcccaaagag ctgggattac aggcatgagc
81181 caccatgccc accacaaaaa tggtgagtgg tgtttgtttg tttgttttaa tgaggtagaa
81241 accacttgag atgagtatca cttgaacctg ggaggcagag gtggaggctg cagtgagcca
81301 agattgcacc actgcactcc agcctgggca acagagtgag actctgtctt taaaaaaaaa
81361 aaaagaggta gagagagaat gacaacaaaa ctgcccagaa aagtggagca tgaaataaat
81421 aaactattac atggggtgat agtttgcatt tatgctcact tttttctgtt tttcgaaact
81481 tccatttgag agtttgatgc ttaatggtta tattggggaa tgccttgcaa aagctttcta
81541 aactatcaga ctgagtgttg actgaccaca atctgtcaag tgagtgctgg ggaggagatg
81601 ctatctcaag agaagtttgc tgtggctgct acatgcctga cacagaccca gacacactga
81661 ccttagctaa gaatgcattt gggattttag acaattccct cattctgaaa agaggcctga
81721 agtcaggaac cccctaaaat gttttcagtt gaatctttgc tgttctcagc ttcccctttg
81781 gccgtcagct gccactgcaa gccatttagc aaaggaagcg aatggcaaat tctatcacag
81841 tggggacaga ttctgcatat taattcacgt ttgcaggcta attatgacca tataggctta
81901 cccccgttcc tagacctcca aattcgtagg agaaagaaga agtgtggata ccactttatt
81961 tggggccatt ttcatagcca gtgactacag gcacctacac aatcatagcc tgcagatatt
82021 atataacgac agctggtcac tctattccaa gcggaatttt aaagcaacat atttgtcttt
82081 gtgttaaaag cacacggtac acatttacag aaaaacaggc cctggcattt gtctgaaata
82141 ctgtggctga aaagctcgac tttttttttt tgccatggaa caatgaacat ttacacaatc
82201 attaaaatcg catctaccgc catatttttt ctccttctca gttttaatac atttttataa
82261 ttgcattgaa gatattctaa ccctgttttt agtgcaaaga taaaatttat gaaccgtgac
82321 aaacgtatca tctcagagcc aacccgaagg ataacaatgt gcttgatgaa acccaagtgt
82381 tccttccctt ctgcccattt taatggggaa ggagagaaaa aagagttcat cggaacctca
82441 gacctgcaat gccagacgcg ggggaagttc ctaactagtg cctgagatgg aggacgtatt
82501 tcagggaaaa gtagtcattc acatagaaat ttttctaaag ctacataact ggaactttga
82561 ctaatatgca tttaaaattt gtatattggg tataattggg cagcttctgt caacacagcc
82621 aaagatatct aaataaattt gttctcccaa tggcatgtcc aattccccct ctctccattt
82681 gtgtactttc tttagagaag gtttttggac aatattagag agcaggcagc ataaaagagc
82741 agaaaggtca gtatgcaaag tgccacagaa catgagctcc aaggttcagg ggggccgtcc
82801 aaagccatgt gaccttggcc aagtccctcg gcttctgaca gcctcacccc tcctcaattc
82861 cataagcaga gattcggagt ggacttttgg ggtctaaaat gacatgtgat gacgatatta
82921 tttaaaacaa cataaaatac ctccaacttt gagactctat ccctggtgag taaaatcagt
82981 ttcataagaa aatcttaaat gctggtaagt tcttaaaaat ccagcaagca cagacgtgtg
83041 agcatgtgtt tgctaaccca gatggacacc atacattttt taaaagtgat ttttgttagc
83101 atctaccctg gggttttcat tccttctcac agactgtacc ctgcccatga actctccgtt
83161 aaagagacag caagacacaa gcctaactcc agatgaactt ttctgcaccg tgtccctgtt
83221 tctttagaaa ggcagagttt taaatatttc ctaacttcac ataatagcct tgcataagac
83281 acaaatgcca ggaaccataa tgaagtggag gtaatctaca caatttaaaa acacttattg
83341 tgacaaaatg gattgacaag gtatagacga tacaagcaca tataaatgaa atgcatccca
83401 ccggaaaagc attttgctca cattgttgtt tacggctcct gaattaatag accaagaaag
83461 gcaccaccgg ccccaacaaa atgccataaa accactggca gcaagtggtg tctcaaactt
83521 taattcccct ggggagaaaa ggacactgcc taatctgtat tcagtcctga cattggccgc
83581 atctgatatg gaacattagc ttctaagtct ctcaatagac cagtgtcctt cagtttatat
83641 tactttatgt taatagtaga aaaattacac acaacatcat ttatcattgt tatactctgc
83701 tgtacatccc atagcttatt ttaatatatt tatttacccc tgagatggtg ageaaattaaa
83761 aatatatatg tttcgagaaa aacctatatg gaaagatcac tgtaaatctc ttaaaaaaaa
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83821 aaaaacaaac ccaacaacaa ctaccttggg gggagggagg aatatattgc atagctaagc
83881 ttgtgaatga taagatgctt tctgtctaag gactcaagta caggctgtac aataatttct
83941 ggggcatgag tacataacaa aaaagcggca tattaatgat aaaatagctt ttgttcccgc
84001 atcgcaccag ttttttcatt tgtcgatgac atccttgggt tgtgttatta gcttttttga
84061 catctgacct ctagctaggg aaaggcaaga tttttttctt tttttttctc tctcttgaaa
84121 agcgtcaatc tgagcctgac ttctactctt tttgacccag attctggaag cccaaagcat
84181 aacttcagtt tggattaaaa ataacaaggc tatcctttct tgctcacgtt gtggcaaagg
84241 tgccgtggct ttggtatcat gacctctgcg ctctggtcca agctctgtcc tttgctccct
84301 atataacatg agcaagctac cccatctctc tgaacctcag cttccccaga aacaaaagga
84361 gaagactgga ttccatgggc taagatttct catagctcca gtgaattttt agtagacttt
84421 gcttttgttt ttagagacag ggtctcaccc tgtcacccag ggttgagggc agtggtgtga
84481 ccacgaatca ctaccgtctt gacctcttgg gctcaatcaa tcctcccatg tcagcctctt
84541 gagtagctag gactacaggc acgcgccacc acgcgcagct aatttttgta ttttttgtag
84601 agacagagac ttgctatgtt gcccagactg ttctcgagct cctagcctca agagatcctc
84661 ctgcctcgac ctcccaaagt gttgggatta caggcatgag ctaacgcacc tggcctccag
84721 tggatttttg actggagatt tttctgggat attgtttgct acttatcata gttccttgag
84781 actggacaaa tcttcctatt tttcaaataa gcacatggaa gctcaggaat attgacatga
84841 ctaaagcccc aggttgaaaa agcagccaga ctggagttgg aacagtgcct caatcctggc
84901 tggcactctt gtcttgactc caggctgcct cgagaacatc tctacaaatt agagcaatgg
84961 gaatgggtct actttaggca tttggggaaa tgactacaag ctcgtacctg tcggggctgc
85021 ctttttatat ttgattttcc tttttttttt tttttttacc actttgaccc ttaaaattgc
85081 ataccttgtg tcctgcatga ttatacaata cagtcttgta attatgtgtt cttatttggg
85141 tcagaggtgg ctgacttgag atcatgtctt ccctttagca ggttctcttc attcagaagc
85201 cactctcatg gattatgtca tttcttccac atccaatgag gcagacaggg caggtacgat
85261 ttccccactt ctattgataa agaaagttgg ggcccagcac agtggctcac gcctgcaacc
85321 ccaacacttt aggaggctga ggtgggtgga tcacttgaga tcaggtgttc cagaccagac
85381 tggccaacat ggtgaaaccc cggcactact aaaaatacaa aaattagcca ggcatggtgg
85441 ctcatgccta taatcccagc tacttggaag gctgaggcag gagaatcagt tgatcttagc
85501 aggcagaatt tgcagtgagc cgagatcgca ccactgcact ccagcctagg tgacagagtg
85561 agactatggc taaaaaaaaa aaaaaaaaga agaagataaa gaaacatggg atcaaaggtt
85621 cttactgacc agccagagct cacacagcaa tgagtggctg gatggccgtt gggaactgaa
85681 gaatgcttct ggctcctagc ccaggcaggg ccctttctaa tactttgcaa tgatgctgat
85741 aaacagatiat atctctaaca aatatggaca ataactcctt ccaaaaggca aaataaaact
85801 cgtatcattt gtacaagacc atgcaattta aaagcaatat tgtaagcaat ctacaataga
85861 aagcaagcct gagaaggcaa tgtgttcact gaaaacattt ctcttgcctc ctcgaggcat
85921 caccagacta catttcccag aatcccttgc agttggttgt gatcatgtga ctgaattctg
85981 gccaatggga agcaggtgga agtgacctca ctgcttccag gcttgaccta taataactcc
86041 ttggaaactt gtactttttc ttcccctgtc agatgtctgg acttaaagga tccagcagag
86101 gatttggagg ctccagggta tggctgagcc caagatgtca aagtctgggt cagtgaatca
86161 cagtatggga ggccagttgc tgaatgtcta tactaattgt tacttcacca agcaatcaac
86221 gacagttcta ggagttaaca gttaagtcaa tcctgattaa ggaagaaagt cctggaagga
86281 aggcaagggg cgtttctaaa tgtgatagct aggtagacat tcagagccat tctcttaacc
86341 agtctaaagt atttattata tatactgtct ttgagcaaat attgccacaa acttccttag
86401 tgggtcttag gatatttaaa cattcacaaa atgttctttg ccttatctta gacatcatct
86461 gattttcttc ctcaattatc ttccatttcg ttcgcttact taaaccttat acttttgttt
86521 ccacttgaca gtaataaaag ccaacatcta ttgcatttat tgggtactca ctatacgcta
86581 gccactctac tagatacttt atactcaata tctcattcca tcctcaagga cattaggtag
86641 atgtcagtat tgtccccatt tacagatgaa aaacctigagg ttgagaaata tgagacttgc
86701 ccactagaat gaatccccag agccacaccc aatgctgact gtgtatgtta ataaaaaaat
86761 aaaaattcaa aagccagaat tatacatgag tgttccatta gtgaggcgtg gtgctccaag
86821 aaagcactgt cccagaaatc tgtgtgagaa attataccct gaatcctttt tttcagaatt
86881 gggaagactc agcagtggac taagaagcca ggtttgatgt agaggatctt gtgagcactc
86941 catctagatg gaggttgaag acaagtacta gttgtagtcc atgggtagcc ttcccaattc
87001 aaggatctcc tttccatcct actcattcac aaaacagcca ggaagacaga agcatatggt
87061 gttaaagagt cagctttcag ggggttggac tgcctggact taaaatctac cctctactta
87121 aaatcctgag taaattatat aaagtattta tgcctttttt tccttacatg tagaaagaga
87181 atatctgtga agtgtgaata acataatgcc cgcaaagcac ttagcacaat atctggcacc
87241 ttttgaacac tctataaatg taagacattc ttgctgtcat tatcaatatc atcaccatca
87301 cctcctccac caccaacacc accctcgaaa acaggatatg cttaagcacc aacgtccaaa
87361 atgagttggc tggaaaaatc gccagctcaa agatcactgt taagcctcca actcccatta
87421 cttacagact tcccaagatg cttacgtgat gatgataaca ttaatttatc aaccatagat
87481 atttgcagta tgccaggcac agggctaaca tacaaaagga aagtcatttc tttgtcacta
87541 acccagtcaa agtcagacag gtgtcagcag ccacagttgg cagttctgtg ccctgtgtct
87601 acaccttctg cattagaaag gatctgccta tgctcacagc ctgaacacat gggtctccat
87661 cttctccagc cacagcatca ctctgatiagc agagctaata ataacagtaa gcgtaatgac
87721 aaagataaca gctgcaggaa tgacagcaac agctataact taccaaggtc ttgctatgtg
87781 tcagccattg tgctgaccac atgaagatgg tactttagtt aattctcaca gcaacactaa
87841 gaggtattag ggttattacc tcttagatat tattcaccca tttttttgga tgagaaaatt
87901 ggtattcaga gagtttgggt attttgccta aggacacata gatagaagga tttgtcatag
87961 tcttttgggg cttttatgac aaaataatct aagctgggta gcttttattt attttgtttt
88021 ttgtttattt gtttgttaca aataaggcag cttcctgagc cagaacagac cgagagagac
88081 tcctggggag ctttgaaaaa aagaaattta ttgctcatgg ttctggaagc tgggaagtcc
88141 aagatcaagg aagcagcaaa ttcaatgtct ggccagagtc ccgcctcctc atagattcat
88201 ggatattctt cttgctgttt tctcacatgg tggaagaagc aaggcagctt ctggggtcac
88261 ttttataagg gcactcatgc aattatgcag gctctgtctt catgtccaaa tcatctccca
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88321 aaagacccca tctcctaaca aatgaatgct ggggtgacac agacattctg accacagcaa
88381 gatittgaatc tagcctgctg taacccaaag cctgtgttac taagaacttt gctatatggc
88441 atgggtcctt ctigagcccta cctgccctac atcctcttct atatcaaaaa tttcactttt
88501 ttttttcaaa tattttattt tttgtagaga tgaggaggtc ttgaactcct gccctcaaat
88561 gattctcctg cctcggcctc ccaacgtgct gggattacag acgtgagcca ccttgcccag
88621 ccaaaaattt tcattgtttc taacctggat tcctcttcaa acccttctag gcaatgttta
88681 tcccactgca aggatgagtt gcatttgcaa catttctgaa tgtaattata agttatttcc
88741 ataatggctg aatagtctga aaaaaagttt tttttgctgt gtgctatgta ggcacattga
88801 ataatattta aacaataaag gttacctctt atgtactaca gctgtgtttt atgctaataa
88861 ccagaatcat ttaatcatta tgagctaatg acctgcaaaa tttcatttaa aaaatgaagc
88921 catatctggg tctctggaaa gcaaaactgg ataaaaaatg aggaaagtca atgttcaatt
88981 tgtattcttg agtggagagc agccgtatag tctgtgcagt tccataccaa gtttgagcat
89041 ttaaacagag gcaggggcct ggcatggtga ctcacgcctg gaatcccagc actctgggag
89101 gctgaggcag gcagatctcc tgagcccagg agttccagac cagccagtgc aacatggcaa
89161 aacaccgtct ctacaaaaaa atataaaaat tagctgggca ttgtggtccc agttacttgg
89221 gaggctgagg tgtgaagatc acttgatccc atgagacagc agttgcagtg acctgagatt
89281 gcatcacttc actccagcct gagcaacaga gtgagagcct ttctcaaaaa atagattaga
89341 tatagataca gatatataga taagatgaaa gaaagaaagg gggcagcggg ggcaaggaaa
89401 ttccgcatct taagggactt aatggtatca cttgagcacc aacgaaataa agagatttcc
89461 tattgcattg ccatggttat caaggtttgg gtgtgcgtct ttccttctgt ctgtacagca
89521 ctctgtcctt ctagtgtgga ttctgttact gctaaatccc cggggtgagc agagagcaga
89581 gctgtggaca atcagagctc cctgctggca atcttggtga ggatcctggc cttccttggc
89641 tttcccaccc tgaaccactc tttgctttgg ctaaccctca tcttaagatt tctacaggtg
89701 agatgcctct atagacttgt atagtaagct ctatccattg tctgccccaa aggtatcctt
89761 cctctttcct tactaaaata attataattc tgtttgggcg acagagcaat. gaatcaaaat
89821 caatccaagc cagtgtgatg tgacaaattt gtattaaatg gccctaagtt tttacgaacc
89881 ccttatccat gccctctgcc gtgcagactt gcagcacctt ttcagtctgt aagtgggaca
89941 tacttcctca ccctggagca cgaccatatg atttgctctg gcccagaatg aagaagcaat
90001 aggaagccat ctccgagctt tttatgtttc tgcctgtttt tttctgtttc tacctttaac
90061 catgaaaagg atacatgtgg gaagtagagg agagagatcc aaggtggggc tgggttactc
90121 cagccaagtc cagcctagat cagcccattc ccagccccat tgccagactc gtgagaaaga
90181 tgagcagagc aatgcagggg agcttagcca aggtcacctc aaacccagag atggcgagaa
90241 tcgaatgttt attgctgcgg gccactgagg tctaatggtg gtttgtgatg cagcaagcct
90301 gcggcaatga ctaagggata caggcaacag tcctgctccc ccgcaccagg gacagggcta
90361 agctgactat gggatgtgta gctcaaggtg aaataaggga atgtccagta ctgacttctg
90421 aaagaaattt cctcccttaa aaaaacaaaa aacaataaga aaaacttgtg aagagaaggc
90481 ctcttttatg tattttttgt ttcttgtttg tttgttgttg ttgttgttgt tgtttttgag
90541 acaaaagttt cactgtcgcc caggctgcag tgcagtggcg cgatctcggc tcactgcaac
90601 ctctgcctct ctggttcaag tgattctccc gcctcagcct tccaagtagc tgcaattata
90661 ggcaggcgcc accaaatccc agctaatttt ttgcattttt agtagagacg gggtttcatc
90721 atgttggcca ggctggtctc gaacttctga cctcaggtga tccacccatc tcattatccc
90781 aaagtgctgg gattacaggt atgagccacc gcacccagcc cttctgtttg cctcagattc
90841 actaacttca gatggcctgc gaaggtatga tccttagagc agtgaaaccc atctggggaa
90901 cacaagagaa aggccaagac cacgacaggg caaagtgctg acatcaagga gtcactcagc
90961 cagccctgga acagtctcct ccaaattatg tttcaggaga tgaatgatgt ctccactgcc
91021 catgccagtc tcagatcggc tgctcctgcc tgctgaatgc ttcctaatac ataaacctga
91081 gactgccgtt cagtccagat ccacaacacc cagcacatca ccagacacac aggaaacccg
91141 agtgcctggt ggatcggagg gagggtgtgt gtttgcttcc catgagttca tgaggccgcc
91201 ctgtcccggc accttacgca gatacagccc acatccagat ggtagtcagg aaagcactga
91261 gtcacagagt tattcctccc actgacctcc aacccccttc ttccctgccc ttccttcagg
91321 ggccctgtgt ggaggcttct gatgaagaac aacgaagatt ttcctttttt tcactttttt
91381 tttttttttt tttttttgag acagggtctg gatctgtcac ccagggtgga gtgcaatggt
91441 gtaatcttgg ctcactgcaa cctccatctc ctgggctcag gtgatcctcc cacctcagcc
91501 tcctgagtag ctgggaccac aagcaagcac caaaacgccc ggctaatttt tgtatttttt
91561 gtagaaatga ggtttcacca tgttgcccag gctggtcttc aaccctaggc ttaagtgatc
91621 ctcccacttc tgcctcccaa agtgctaggg ttacaggcat gagtcactgt gcccagccaa
91681 cagtgagatg ttactagtac tacttatttg taaaccacag tcttgttttg attttctctg
91741 aacctttgta cttgtgtttc atgtccaagg catgggtgaa gaaagaaaga aaattaatct
91801 gccagagaga aaacaggctc ctcttttcag tttctgctta tctcctccat gttaaatagg
91861 gttgtccacg gtagtagata ctggtctctt ttggctgaac tcttaaagtt gtacgtagac
91921 cttctgactt ttctagagga gatttaagtt cactgtgtgt agactaaaaa taataatgct
91981 gagctgggca cggtggctca cacctgtaat cccagcactt tgggaggctg gggcgggcaa
92041 atcacttgat gtcaggagtt tgagagcagc ctggccaaca tgatgaaacc ccatctctac
92101 tgaaaataca gaaatcagtc aggcgtgctg gcgtgcgcct gtaatcccag ctactaggga
92161 ggctgaggca ggacaatcac ctgaacccag gaagcaggtt gcagtgagct gagatcgcac
92221 cactgcactc cagcccgggc aacagagcaa gaccctgtcc caaaaaaata aaataaattt
92281 aaaaaaaata ataatcctga aacaataaca gtactcgatt ttaggtatta aatgcttcct
92341 atgtgcaagg tgttatacta agagccttac atgaataata tttaatcctc ttgagtgtcc
92401 aataaggaaa gaacaactat tgttagcatt ttatagtcag ggaaactgag gcttggagag
92461 gtgaagtaac ttgtccaaag tgacacaata agtggcagaa ttggagttta agtttacaac
92521 tgtctgattt agaagcccaa gatcctaacc atgctgccat atggtcacag gaattaacga
92581 aaatatatcc cctacagctg gagggggaaa aactggaaaa tgagcttttc ctgcaagttg
92641 tatgtcatgg tgtttgggag ctggccaacc gtggctcaca agagctgatg actgttcaaa
92701 aaatatgcaa gccagttatt gaacactgcc atgattaaaa tttaaattat attgatctta
92761 aaattcaaat ggaaatacaa gggacccaga atacccaaaa caatcttgaa aatgaagaac
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92821 aaagttggag aattcacaat tccaaatttc aaaacttaca cagagtacag taaccaaaac
92881 agtgtggcaa tggcataagg acaggcatac agatcaatgg gatataattc agagtccaga
92941 aagaaatact tacatttatg gccaattgat ctctgataag ggtgcaaaga ccatttaata
93001 gagaaagaat tatctttttt aatcaatgct tctgggacaa atggatattc acattcaaaa
93061 gaacaaagtt gaatgcctac cttaaactat atagaaaaat tgacgtaaaa tggatcaaaa
93121 gtcttaacat aagtgctaaa actataaaag tctgagaaga aaatagagga gtggtttcag
93181 ggaaaaactc ttttctgaaa ccatgtttcc cttctgctct cacaccacca tgacaatcaa
93241 cacagaagac tcctctcacc aaatgcgaga ggaggggtga caccacagag gtaaacgttc
93301 atgaccttgg atttgacaat ggattcttag atacaacacc caaacttttg ttgttaaaac
93361 ttttgtgcat cacgagatga tatcaaaaga ataaaaagac tacccacaga atgagagaaa
93421 atgtttgcaa atcatttata tgataagggt ctagtttcca aaatatataa acaactttta
93481 caactcaact ttccccacat actaagcagg ggacagcagc tgggagtcct ccaattcaat
93541 cctgacactg tctacgtgga gttagttgga ggttggaggc tcagtcccca agactgcccc
93601 ccataccccc agacaccaat agcaagtcag agacttcaga atgtctggct gaggggcttc
93661 aggtggaagt tcccataacc ccctctttgg gtttgattaa tttgctggag cagatgacag
93721 aactcaggaa aacacttgct accacttact gctttattat aaaggacagt actaaggaca
93781 gagatgaaaa gacacatagg gcgaggtatg gggtaggggc atggagcttt ccagcccttc
93841 ctaggcagcc acgctccagg aacctccttg tcttcagcta tctggaagct cccaaaccca
93901 gccctcttgg gtttttatgg gagcttcatg aggtcagcat tcctttcccc agggcataag
93961 gcaggactga ctctctgggg agggtctgaa gactcacaat caaaaaggtg ggaaagatta
94021 gagtcctgcc ttggggcagg tgaaagaagg acaggagaca aagagattct gtttcctgat
94081 gcctaacaca cgcaatattg taacaataga ctgcaacaag ggctatgaga gttatgagcc
94141 aggaacccta tatatatcat aacaccacag gagtaaatgt ttatgtcctt ggatttggca
94201 atggattctt agatacaaca ccaaaaacag aagcaacaac atccaaaata gataaagtgg
94261 acttcatcaa gatttaaaat ctttgttcat caaaagacac tataaaaaga gtaaaaaagc
94321 ctacccatag attgagagaa aatgtttgca aaggatttat acgataaggg tctagtatcc
94381 aaaatatata aacaactttt acaactcaac aacaaaagcc agatgaccca gttaaaaact
94441 gggcaaagga cttgaatcaa catttctatt ttaaaaaaga tacaaataac caataaccac
94501 ataaaaatac tcaacatcat taatcatgag ggaaatgcaa atcaaaacca cgatacaatt
94561 tcataccttc aaagaaaaca gaaaataaag tgttgtcaag gatgtggaga aattggaacc
94621 ttcatatact gcaagtggaa atataaaatg gtgcagcctc cgtggaaaac aatttggtgg
94681 ctcctctgaa agttaaatat aaaattgcca tattacccag caatgccact ccccaaaata
94741 tgcccaagaa tggaaaacag gagtttgcag aaaacataaa aacagtacat gtatgatcat
94801 agcagcataa ttcgtaacag ccaacaagta gaaacacaat gaccacccac tggcaaatgg
94861 ataaacaaaa agtggtatat ccatgtaaca gaatatcact caaccataaa aagaatgaag
94921 tactgataca ttctacaaca tggatgaacc ttgaaagcat gctaaaagca agaagccaga
94981 cacaaaaggc cacatattgt gtgattccat ttatatgaga tatccagaat agtcaaatct
95041 atagagacac aaagtagatg tggttatgag gggctggggg aaggaggaaa tggggaatga
95101 ccacttaatg gatatggtgt ttctttagcg ggggatggta aaaatgttct gaaatggctg
95161 ctgattgtgg cacgatattg tgaacgtatt aaaagtcact gaattttaca ctttaaaatg
95221 gtcaaagtgg tgaacttttt ttgttttgtt tgttttattt ttgtttttga gacacagtct
95281 cactctgtcg cccaggctgg agtccagtgg tgcaatcttg gctcactgca acctccgcct
95341 cccaggttca agcgattctc ctgcctcagc ctcctgaata cctgggatta caggcaccca
95401 gcaccacacc tggctaattt gtgtattttt agtagagaca gggtttcatc atgttgccca
95461 ggctcatctc taactcttca ccccaagtga tccacccacc tcagcctccc aaagtgttgg
95521 gattzacaggc gtgagtcacc acgcccagcc ccaaagtggt aaattttaca ttatgtaaat
95581 cttaccacaa tttaaaaatc cataaagcat gtattagaaa cattcttggc atgtagaaga
95641 tgttgtgtaa ctgcctgctg tctttaatga taagctcttt aaaggaaaca gtgattgagt
95701 gatatgacaa actgccaact atgggcacag agttactttt agggggacaa aaagatactc
95761 taaaattaga ttttgatgaa aattacataa ccatgcgaat atactaaaaa aagtt~gaat~g
95821 ttacacttca aatgggctta ttggaaagtg tatgaaatac atctcaataa aacaattaaa
95881 agaaaaacat tatataaggt tactattaaa taaatcatac taaaaagtac taagtactca
95941 aaactcatga cttctaaatt gttttactac attttactgt tacctatgct cttgaagtca
96001 ttgactgtat cctgtgtgtg gtgaaaatac tatataataa cgtgttcccc aactccactt
96061 tcagtgatct catatttata acttaaaatt gctcagggta ccactattta caccatggaa
96121 atagacattc gctacaaatc caggtgtcat ttattgcttt attgattgtc tcgacttaag
96181 aaagtggggt agaaaatatt aattcaggcc aggcgcggtg gctcacgcct gtaatcccag
96241 cactttggga ggcggagaca ggcagatcac cggaggtcag gagttcaaaa ccagcctggc
96301 caacacggga aaatctcgcc tctactaaaa aattcaaaaa caattagcca ggcgtggtgg
96361 tgggtgcctg t;

the above report in format
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INTRODUCTION

Breast cancer is the most common malignancy affecting women

today. This disease has reached epidemic proportions in the industrialized

world afflicting as many as one in eight women (1), and causing

approximately 45,000 deaths per year (2,3). In response to this major

public health problem, research funding is being used to identify key steps

in breast carcinogenesis with the goal of developing effective means for

preventing, diagnosing and treating this devastating disease.

Overwhelming evidence has accumulated indicating that breast

cancer is a genetical ly-based disease in which spontaneous mutation

and/or hereditary genetic predisposition play primary roles.

Environmental and epigenetic influences are also important, however their

contribution to breast carcinogenesis is, at present, not well understood.

The potential for developing breast cancer is most likely determined by

the specific genetic makeup of an individual woman, however, this

potential only becomes a threat by the interaction with specific

endogenous as well as, perhaps, exogenous factors (Figure 1). For

example, an important endogenous risk factor would include the extent of

exposure to a woman's own ovarian hormones (4). Early age at menarche

and nulliparity have been linked to an increased risk for developing breast

cancer. It is likely that the extent of endogenous hormone exposure is

genetically pre-determined or at least influenced by genetic factors.

Examples of exogenous factors would include lifestyle choices such as,

diet, alcohol intake and cigarette smoking (Figure 1). Physical

environmental causes, such as ionizing radiation, have been shown to

increase the likelihood of breast cancer development (5,6). Also, although
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the topic is controversial and less understood, we should mention the

potential role of environmental pollutants and hormone disrupters (7) (8).

Taken together, it is then the combination of the genetic constitution,

plus the influence of multiple endogenous and exogenous factors which,

ultimately, will determine the overall risk of any particular woman for

developing breast cancer.

Numerous mutated genes have been shown to be linked to breast

cancer development although the assumption is that there are many more

important breast cancer genes yet undiscovered. This overview focuses on

the currently identified genes as well as genetic aberrations which may

lead to the identification of as yet unknown genes key to breast

carcinogenesis. In addition, other factors which also exercise significant

influence in breast carcinogenesis, such as the hormonal regulation of cell

proliferation, are discussed.

HISTOPATHOLOGY

Normal Breast Tissue

In order to correlate the genetics of breast can cer to the clinical

manifestations, an overview of the histology of both normal and cancerous

breast tissue is required. It should be mentioned, however, that it is

beyond the scope of this chapter to perform a detailed analysis of breast

tumor pathology.

The mammary glands are derived from modified sweat glands and

basically represent downgrowths of the epidermis. In the adult woman

the mammary gland is composed of approximately 15-20 lobes of branched
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tubuloalveolar glands. Dense fibrous connective tissue separates the

lobes. Each lobe in turn is subdivided into multiple lobules. Mammary

lobules are located at the deepest end of the duct system. These lobules

form clusters identified as blind-ending terminal ductules, or acini. These

structures are embedded into a loose connective tissue rich in capillaries.

Dense fibrocollagenous support mixed with abundant adipose tissue fills

the interlobular spaces. The main collecting ducts (i.e. the lactiferous

ducts) are lined by stratified squamous epithelium near their opening onto

the nipple. A short distance from the surface each lactiferous duct

presents a dilated portion known as the lactiferous sinus where the

epithelial lining shows a transition to a two layer cuboidal epithelium.

From there and throughout the rest of the duct system and acini the

epithelium consists of one layer of luminal cuboidal cells and a basal

layer of myoepithelial cells (Figure 2).

The development and differentiation of the mammary gland is

hormonally regulated. The ovarian hormones estrogen and progesterone

control breast development, especially during puberty. Full or complete

differentiation of the mammary gland takes place during pregnancy and

lactation, a time when the hormone prolactin plays a fundamental role.

The explosive growth that the mammary epithelium undergoes during

pregnancy causes the mammary tree to branch dramatically increasing the

number of acini. This level of differentiation constitutes what Russo and

Russo have described as lobule type 3 (9).

Wellings has suggested that the majority of breast carcinomas

originate in what is known as the terminal ductal-lobular unit (TDLU)

(10), also known as lobule type 1 (9). The TDLU has only 6-10 terminal

ductules/lobule and is equivalent to the less differentiated state of
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mammary gland development found predominantly in the breast of the

nulliparous women (9).

Invasive Carcinoma

The most frequently observed invasive breast carcinoma is the

infiltrating (invasive) ductal carcinoma (IDCA). IDCA represents

approximately 75-80% of the total invasive breast cancer cases (11).

Most invasive ductal carcinomas display the typical phenotype of well to

poorly differentiated adenocarcinomas. Another type of invasive breast

carcinoma, which accounts for approximately 10-15% of the total invasive

breast cancer cases, is the infiltrating lobular carcinoma (ILCA) (Rosen,

1979). ILCA has a very distinctive infiltrating growth pattern,

characterized by the pathognomonic presence of isolated cells or cord of

cells (i.e. Indian files pattern) (11). This tumor type also presents a

different clinical and metastatic pattern than the invasive ductal type

(13). For example, patients with invasive lobular carcinoma have been

reported to have a higher risk of developing multifocal and contralateral

breast cancer than patients with invasive ductal carcinoma (14). It is

important to remember, that the designation of ductal and lobular

carcinomas does not imply that ductal carcinomas originate exclusively in

ducts and lobular carcinomas in lobules. According to Wellings, both tumor

types, ductal and lobular, appear to originate in the TDLU (10).



Preinvasive and Hyperplastic Lesions

In an attempt to clearly identify stages of breast cancer

development, standardized terminology is used to refer to important

changes in the morphology of the breast epithelium which have been noted

by pathologists. This is shown schematically in Figure 3.

The identification and nomenclature of "potentially premalignant"

lesions of the human breast have been a matter of controversy for many

years. Among the non-invasive breast lesions, ductal carcinoma in situ

(DCIS) is the most common and best characterized precursor to invasive

carcinoma. Some researchers have also proposed models where there is a

direct transition from normal to malignant epithelium, without any

visible evidence of a preneoplastic stage (15). Nevertheless, evidence

placing DCIS as a major precursor lesion of invasive carcinomas is

substantial. For instance, the majority of IDCA's have an in situ

component (16). Women with biopsy-proven DCIS have an increased risk

for development of subsequent invasive breast cancer (17) and a high

recurrence of invasive carcinoma occurs in women who have had breast-

conserving treatment of DCIS (18). Taken together these findings strongly

suggest in situ carcinomas are precursors to invasive carcinomas. A more

insidious lesion is lobular carcinoma in situ (LCIS). LCIS is characterized

by a uniform population of generally small and loosely cohesive cells

growing in a solid occlusive fashion. Whereas the more common DCIS

represents a highly heterogeneous group of lesions ranging from

microscopic to grossly detectable intraductal carcinomas, as well as

predominantly in situ carcinomas with areas of stromal microinvasion.

When breast neoplastic cells begin proliferating outside their site of
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origin, (i.e. beyond the containment of the basement membrane) and the

microinvasion spreads further, the neoplasia is then termed invasive

carcinoma. Invasive ductal carcinomas are not necessarily the result of

DCIS nor are invasive lobular carcinomas the obligated direct result of

LCIS. In fact, there is some evidence that LCIS may play an important role

as a precursor of invasive ductal carcinoma as well (Figure 3) (19). It

should be mentioned however that the relationship of LCIS as a precursor

lesion of invasive breast cancer is a matter of controversy (19). It has

been suggested that due to its morphologically diffuse and generalized

nature, the presence of LCIS indicates that the whole breast epithelium is

at risk of malignant transformation. It is possible that the distinction

between DCIS or LCIS may be indicative of important differences in their

genetic pathways during breast carcinogenesis.

Mammary epithelial hyperplastic lesions which demonstrate only

some of the characteristics of in situ carcinoma are frequently identified

in the clinic. These lesions are called atypical hyperplasias (AH) (20).

Atypical hyperplasias can either be ductal (ADH) or lobular (ALH) in type.

Finally, other less advanced hyperplastic lesions which are only

associated with a slightly increased risk for breast cancer development,

are known as proliferative disease without atypia (PDWA). PDWA lesions

lack the qualitative and quantitative histologic features of AH (20)

meaning that they comprise a variety of epithelial hyperplastic lesions

from mild to florid but do not show signs of atypia.
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FAMILIAL AND SPORADIC BREAST CANCER FORMS

Family history constitutes the strongest known risk factor for

development of breast cancer. Women who have a family tree in which

several blood relatives were afflicted with breast cancer have a far

greater chance of developing breast cancer as compared to the general

population. Because of this fact, in the last few years intense research

has focused on identifying the breast cancer susceptibility genes, passed

down from generation to generation. However, the inherited forms of

breast cancer account for only 5-10% of total breast cancer incidence

(Figure 4). The remaining 90-95% of women who develop breast cancer do

not appear to segregate for an inherited susceptibility allele. Such cases

are known as "sporadic" breast cancer (21). This label is somewhat

misleading since "sporadic" breast cancer is actually the most frequent

form of breast cancer. Nevertheless, approximately 25% of breast cancer

cases diagnosed before age 30 are believed to be caused by genetic factors

alone (22). Analysis of familial pedigrees suggested the existence of

various types of inherited breast cancers, consistent with models of

autosomal dominant transmission of a highly penetrant susceptibility

allele (21). The major familial breast cancer forms include (23):

1.) site-specific breast cancer, which is the most frequent and

occurs in families in the absence of any other familial occurring

neoplasm;

2.) breast and ovarian cancer syndrome, which is characterized by

early-onset and high rate of bilaterality;

3.) Li-Fraumeni cancer syndrome, which is characterized by early-

onset of breast cancer, bilaterality, and association with other



familial neoplasias, such as leukemia, sarcomas, brain cancer and

adrenocortical carcinoma;

4.) Cowden disease which is a rare condition also known as multiple

hamartoma syndrome and is characterized by multiple

mucocutaneous hamartomatous lesions, both benign and

malignant.

In addition to the above forms the Muir Torre Syndrome which is a

variant of Lynch II syndrome, also includes breast cancer, although it is a

very rare syndrome. This syndrome is caused by mutations in DNA

mismatch repair genes and is associated with microsatellite instability

(24,25).

BREAST CANCER SUSCEPTIBILITY GENES

BRCA 1

We have witnessed tremendous progress within recent years in the

identification of genes responsible for several of the inherited breast

cancer types. In 1990 genetic linkage analysis of affected families

identified a gene predisposing individuals for early-onset breast cancer.

This locus (i.e. Breast cancer 1 or BRCA1), was mapped to chromosome

region 17q21 (26,27). Furthermore it was estimated that this tumor

susceptibility allele, would account for 45% of families with high

incidence of site-specific breast cancer and approximately 80% of

families identified as carriers of the early-onset breast and ovarian

cancer syndrome (28). After intense effort, the gene itself was cloned in

9



S I

1994 by Miki and coworkers (29). Mutations in BRCA1 were found to co-

segregate with the predisposing haplotype in affected kindred (29). Thus,

a woman who has a mutation in the BRCA1 gene has a high risk of

developing breast cancer and this risk increases over her lifetime

reaching a peak by the age of 70 with a risk of 87% (28).

BRCA1 is a large protein with 22 exons and 1,863 amino acids and

shows very little homology to other known genes and also has several

alternative spliced forms. However, based on the fact that BRCA1 has a

ring finger motif close to its amino-terminus and a leucine heptad repeat

within its sequence, speculation was made that BRCA1 may function as a

transcription factor (30). BRCA1 mutations are scattered throughout the

entire coding region. Interestingly, a frequently found mutation

(185delAG) is also found to be present in 1% of women from Ashkenazi

Jewish descent (31). Most commonly the germinal mutations affecting

BRCA1 are small insertions and deletions causing frameshifts, which

produce stop codons, and result in truncation of the protein product.

The BRCA1 gene product appears to play a much smaller role, if any,

in non-familial breast cancer. As with other tumor suppressor genes it

was expected that mutations of BRCA1 would be frequent in sporadic

breast cancer forms, particularly due to the common finding of 17q loss of

heterozygosity in most breast tumors (32-35). However, no mutations in

BRCA1 have been found in non-familial breast cancer cases. It has been

suggested that subcellular mislocation of the BRCA protein may play a

role in sporadic breast cancer. In normal breast epithelial cells, BRCA1 is

localized in the nucleus, whereas in the majority of breast cancer cell

lines and in malignant pleural effusions from breast cancer patients and

in some primary tumors it is localized, mainly in the cytoplasm (36).
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Some groups have suggested that BRCA1 is a secreted protein since it

contains certain homology regions to granins, a protein found in secretory

granules (37). Conflicting with this suggestion, the nuclear localization

originally reported in normal cells was later confirmed by other groups

(38). Some evidence has also accumulated indicating that normal BRCA1

may act as a tumor suppressor gene inhibiting tumor growth (26,39). At

present the function of BRCA1 is controversial and therefore requires

further analysis. However, both BRCA1 and BRCA2 have been shown to

bind and colocalize in the nucleus with the DNA repair protein RAD51 but

further analysis is needed to define BRCA's role in this pathway

(38,40,41). Furthermore, it was recently suggested that BRCA1 is

required for transcription coupled repair of oxidative damage (42). These

investigators showed that cells deficient in BRCA1 are impaired in their

ability to carry out transcription coupled repair of oxidative damage (42).

This would imply that BRCA1 may be playing an important role as guardian

of genomic integrity.

BRCA2

A second breast cancer susceptibility gene was isolated in 1995,

named BRCA2 (43). BRCA2 was originally mapped by linkage analysis to

chromosome arm 13q12-13 (44). Similar to BRCA1, BRCA2 is a large gene

encoding for 3,418 aminoacids and has several splice variants. Germinal

mutations on this gene predispose a person to early-onset, site specific

breast cancer and moderately predispose a woman to ovarian cancer. These

families also present a higher incidence of male breast cancer and are

associated with a higher predisposition to prostate, pancreatic, colon and
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other cancers (43). As with BRCA1, the germinal mutations identified are

spread throughout the coding sequence of BRCA2. Most of the mutations

were frameshift mutations generating a truncated gene product as was

the case with BRCAI. A particular BRCA2 germinal mutation, in this case

6174delT, is also frequently found (1%) in Ashkenazi Jewish women (45).

Like BRCA1, BRCA2 appears to play no major role in sporadic breast

cancer, since only very few somatic mutations were observed in these

tumors. The function of the BRCA2 protein is uncertain as well.

Very recently the contribution of BRCA1 and BRCA2 to inherited

breast cancer was assessed by linkage and mutation analysis in a series

of 237 families with a history of breast cancer chosen at random without

regard to the existence of other cancers (46). Linkage to BRCA1 was

observed in 52% of the families, to BRCA2 in 32% and to neither in 16% of

the families, indicating the existence of other predisposing genes. The

vast majority (81%) of the breast/ovarian cancer families were

associated with BRCA1 mutation, 14% due to BRCA2, while 76% of

families with both female and male cancer cases were due to BRCA2.

BRCA2 carriers appear to have a similar lifetime cancer risk as BRCA1

carriers but a lower risk before age 50 (46).

TP53

Germline TP53 mutations have been found in affected families and

shown to be causative of the Li-Fraumeni cancer predisposition syndrome

(47,48). Breast cancer is one of the neoplasms affecting patients with

this syndrome. In tumors from patients with Li-Fraumeni syndrome, loss

of the wild-type TP53 allele is observed with retention of the mutant

12



allele. As indicated above, this syndrome is characterized by early-onset

breast cancer, bilaterality, and association with other familial

neoplasias, such as leukemia, soft tissue sarcomas, osteosarcoma, brain

cancer and adrenocortical carcinoma.

Contrary to the previously described tumor susceptibility genes,

TP53, a known tumor suppressor gene, has been shown to play an

important role in sporadic breast cancer progression as well. However,

germline mutations of this gene in the general population are rare. TP53,

located on chromosome arm 17p13, is known to harbor somatic mutation

in 25-45% of primary breast carcinomas (49). All evidence indicates that

TP53 is one of the most frequently affected genes in breast cancer. The

role of TP53 in breast carcinogenesis will be further discussed in a

following section.

PTEN/MMAC1

Recently, a new putative tumor suppressor gene, PTEN, has been

identified on chromosome 10q23.3. PTEN is responsible for Cowden

disease's familial predisposition (50-52). Breast cancer is a component

of this rare syndrome as was described in a preceding section. The

majority of the women who have this mutated gene develop breast

neoplasia and approximately half of these cases develop into breast

cancer. The amino acid sequence of PTEN resembles two different types

of proteins: tyrosine phosphatases, enzymes that remove phosphate groups

from the amino acid tyrosine in other proteins; and tensin, a protein that

helps connect the cell's internal skeleton of protein filaments to its

external environment (53). Homozygous deletions and mutations affecting
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PTEN have been found in both prostate and glioblastoma cancer cell lines.

Somatic inactivating mutations of PTEN were associated with numerous

primary prostate and endometrial carcinomas (54,55). However,

practically no somatic mutations affecting PTEN where found in sporadic

forms of breast cancer (56,57).

ATM and HRAS (Putative breast cancer susceptibility genes)

Several years ago it was suggested that heterozygous carriers of a

defective Ataxia-telangiectasia (ATM) gene are at increased risk (3-5

fold) of developing breast cancer (58). However, later studies concluded

that there was no clear association between the ATM mutants and the risk

of early onset or familial breast cancer in general (59,60). Nevertheless,

it is an isue of importance since ATM heterozygous carriers represent a

high percentage of the population (0.5% - 5%). At this point, the role of

ATM as a factor for increasing breast cancer risk in the general population

is unclear.

Other potential breast cancer susceptibility alleles are the

polymorphic variants of the HRAS gene minisatellite sequence (61,62).

These studies reported a positive association between rare HRAS alleles

and breast cancer (61,62). However, controversial results have been

reported by other research groups (63) and further confirmation of the

positive association between these rare alleles with breast cancer is

required.
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Common Enzymes Allelic Variants that may Contribute to Breast Cancer

Risk

Through molecular epidemiology studies, it is becoming apparent

that the combination of a specific genetic makeup plus exposure to

specific exogenous factors (e.g. environmental, chemical and physical

carcinogens) play decisive roles in defining the risk for tumor

development. The heterogeneity of the genetic background found in the

general population would explain why certain individuals develop cancer

while others do not even when exposed to a similar dose of a particular

carcinogen (e.g. cigarette smoke and lung cancer risk).

Therefore, as previously suggested, breast cancer etiology may be

explained by inherited predisposition to develop cancer, inherited

predisposition to accumulate new mutations, and exogenous exposures

(64) (Figure 1). This would be the basis for the expected etiologic

heterogeneity found in the general population. Thus, although breast

cancers are classified as a single disease, not all are caused by the same

set of etiologic agents. Most likely, different population subgroups will

respond differently to the same set of carcinogens.

Numerous studies have focused on a series of allelic variants that

would confer increased tumor susceptibility. Several of these genes are

enzymes involved in detoxification pathways that the organism utilizes to

eliminate xenobiotics. In most cases, a phenotypic polymorphism in the

metabolic rate of specific chemicals correlated with the finding of

genotypic polymorphisms (i.e. allelic variants). The genotypic

polymorphisms were detectable as restriction fragment length

polymorphism (RFLP's) variants or as gene deletions. A good example of
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such polymorphism affecting breast cancer is seen with the Cytochrome

P-450 (CYP) superfamily of enzymes. These "Phase I" enzymes are

responsible for the oxidative metabolism of diverse endogenous and

exogenous substrates, such as steroids, prostaglandins, fatty acids,

foreign chemicals and drugs. CYP enzymes are responsible for the

biotransformation of xenobiotics to toxic intermediate metabolites (i.e.

phase I). The level of CYP expression and CYP's catalytic activity can vary

dramatically among the general population due to the highly polymorphic

nature of these enzymes. The "Phase I1" group of detoxification enzymes

are also usually polymorphic and are responsible for the conjugation

reaction necessary for the efficient excretion of toxic compounds. These

enzymes transform toxic compounds into more hydrophilic forms for

excretion. Ambrosone and Shields (65) have suggested that women who -

have genetic polymorphisms that could result in greater activation, or

impaired detoxification of; aromatic and heterocyclic amines, (e. g. NAT1,

NAT2, CYP1A2 enzymes); polycyclic aromatic hydrocarbons (e. g. GSTM1,

CYPIA1 enzymes); and nitroso compounds (e. g. CYP2E1 enzyme) may be at

greater risk for developing breast cancer. Recently it was reported that

the GSTM1 homozygous null phenotype was associated with increased risk

of developing breast cancer, similar associations were also observed with

polymorphic variants of the enzymes GSTT1 and GSTP1 (66). On the other

hand, it was very recently shown that cigarette smokers who are carriers

of BRCA1 or BRCA2 mutations were found to have a lower breast cancer

risk than subjects with mutations who never smoked indicating that

somehow smoking appears to reduce breast cancer risk in these patients

(67). This confuses the significance of published observations in the field

and indicates the amount of work which lies ahead in order to clarify our
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understanding of the interaction of environmental carcinogens and breast

cancer genetic predisposition.

SOMATIC CHROMOSOMAL AND GENETIC ABNORMALITIES IN BREAST

CANCER

Cytogenetics of Breast Cancer

Numerous studies have been performed in order to characterize the

role of chromosomal abnormalities in breast cancer. However, as is the

case with other solid tumors of epithelial origin, it has been difficult to

identify any primary cytogenetic changes among the large number of

apparently random alterations. This is due to the clonal heterogeneity

characteristic of breast cancer as well as to the inherent difficulties in

obtaining high-quality metaphases from solid tumors. Nevertheless, the

prevalence of several specific chromosomal aberrations have been noted.

The most frequent tend to be numerical alterations of whole chromosome

copy number including trisomies of chromosomes 7 and 18 and

monosomies of 6, 8, 11, 13, 16, 17, 22, and X (68). The most common

aberrations in non-metastatic near-diploid tumors are, loss of

chromosomes 17 and 19, trisomy of chromosome 7, and overrepresentation

of chromosome arms lq, 3q, and 6p (69). Structural alterations include

terminal deletions and unbalanced nonreciprocal translocations, most

frequently involving chromosomes 1, 6, and 16q. Breakpoints for

structural abnormalities cluster to several chromosomal segments,

including 1p22-qll, 3p11, 6p11-13, 7p11-qll, 8p11-q11, 16q, and 19q13

(69). In particular, 16q was shown to participate systematically in
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translocations with chromosome lq and to display frequent deletions. In

fact, some investigators have suggested that specific abnormalities

affecting chromosome 16q could be considered primary cytogenetic

aberrations since they were observed in the absence of other anomalies

(70,71).

A recently developed molecular cytogenetic technique called

comparative genomic hybridization (CGH), allows for the analysis of

chromosome copy number abnormalities involving segments of at least 10

Mb (72). Since CGH involves hybridizing differentially labeled genomic

DNA from a tumor and a normal cell population to the same normal

metaphase, it circumvents some of the difficulties encountered in

conventional karyotyping. Through such analyses, nearly every tumor

analyzed revealed increased or decreased DNA sequence copy number (73).

The most common regions of increased copy number in breast cancer

as determined by CGH include lq, 8q, 17q22-24, and 20q13. Regions of

decreased DNA copy number were also observed and include 3p, 6q, 8p,

11p, 12q, 13q, 16q, and 17p (74). For some of these regional losses,

candidate genes exist that may be the target of deletion in the progression

to a malignant phenotype (Table 1). These genes and their corresponding

regions will be discussed in more detail in the following sections.

Interestingly, when both loss and gain of DNA copy number as determined

by CGH were compared with survival data in a series of node negative

breast tumors, only copy number losses were significant for recurrence

and for overall survival (75). However, as is the case with conventional

cytogenetics, CGH studies failed to reveal any characteristic

abnormalities that occur in the majority of breast tumors or to identify

any abnormalities which could be considered "primary".
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Oncogenes and Gene Amplification

In human breast cancer as in other solid tumors, the most common

aberration affecting oncogenes appears to be gene amplification.

Abundant evidence demonstrates that huge regions of DNA, up to entire

chromosome arms, can be amplified as a contiguous unit. The importance

of this to breast cancer development is still unclear although it suggests

that genes within these regions are overexpressed, due to their high

representation. Chromosomal regions overrepresented in tumor cells

suggest the presence of activated oncogenes. Proto-oncogenes encode

proteins involved in cascade of events leading to growth in response to

mitogenic factors. Alteration in the normal function of proto-oncogenes,

through mutation or increased expression, can result in a constant growth

stimulus and a constitutive mitogenic response. Aberration of a single

allele of an oncogene can be sufficient to lead to altered signal and as

such is dominant. Current data suggest that of the numerous oncogenes

described to date, only a few may have a role in breast tumorigenesis.

Regions Affected by Gene Amplification

Region 17q12 (ERBB2)

In 1987, ERBB2 was demonstrated to be overexpressed and amplified

in 20-40% percentage of breast cancers (76,77). Amplification was

shown to be consistently accompanied by increases in mRNA and protein

levels (76,77). In later studies, increased copy number of the long arm of
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chromosome 17 (17q) which contains the ERBB2 gene, demonstrated a 50

to 100 fold amplification in some cases as determined by gene

fluorescence in situ hybridization analysis (72).

The fact that ERBB2 is overexpressed in a high percentage of breast

cancers implicates its involvement in breast tumorigenesis (78,79).

Therefore in recent years the diagnostic and possible treatment value of

ERBB2 detection has been extensively studied. Early studies reported a

prognostic value of ERBB2 overexpression in node negative breast cancer.

However, more recent studies using larger data sets did not support these

early observations and question the prognostic role for ERBB2 expression

in node positive breast cancer. Expression of ERBB2 may have value in

predicting response to specific therapies, additional studies are underway

to confirm these observations (reviewed by Ravdin & Chamness 1995). For

instance, ERBB2 overexpression has been associated with increased

resistance to chemotherapy (82) and estrogen receptor positive patients

who overexpress ERBB2 are less likely to respond to hormone therapy (83).

Studies have also shown that activation or overexpression of ERBB2

in transgenic mice results in the genesis of mammary tumors (84).

Whereas neutralizing antibodies against ERBB2 lead to tumor regression

(85). The possibility of using antibodies against ERBB2 as a means of

treating breast cancer is presently under investigation (86,87).

The ERBB2 proto-oncogene is a member of the epidermal growth

factor receptor family. All of the family members which include EGFR,

ERBB2 (Her-2/neu) ERBB3 and ERBB4, have demonstrated overexpression in

breast cancer. In addition, overexpression of ligands for these receptors,

such as TGF-alpha, have been associated with neoplastic transformation

in transgenic mouse models (88). This family of receptors encodes
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transmembrane glycoproteins with tyrosine activity. However, although

the family members share high homology their ligand specificity is

distinct. It has been suggested distinct biochemical and biological

responses of the individual receptors such as ERBB3 and ERBB4 (89).

Therefore although these receptors may show similarity in their ability to

regulate cell proliferation their mechanism of action is most likely

diverse.

Region 8q (c-Myc)

Amplifications at region 8q including the oncogene c-myc, a gene

known to be overexpressed, either by amplification or regulatory means,

in breast cancers (90). c-myc is a member of a small family of related

proteins that function as sequence specific transcription factors (91).

Activation of the c-myc, Nmyc and Lmyc genes has been described in many

human cancers (92). In normal cells, c-myc expression is rapidly induced

following mitogenic stimulation, and its activity is absolutely dependent

upon the presence of growth factors (93). The c-myc protein is commonly

implicated in mediating the transition of cells from quiescence to

proliferation (94). Therefore, c-myc is considered to be a positive

regulator of cell growth and its activation is thought to confer a growth

advantage upon a tumor cell. Conversely, c-myc has also been

demonstrated to induce apoptosis a function more consistent with a

negative regulator of cell growth (95,96). A possible explanation for this

bifunctional activity lies in the fact that in order for c-myc to act as a

promoter of cell proliferation appropriate serum growth factors,

stimulating growth via a separate pathway, must be present (92). In the
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absence of growth regulators, over expression of c-myc is sending

conflicting signals to the nucleus, which in turn initiates programmed cell

death (i.e. apoptosis).

The myc gene has been shown to be amplified in approximately 25%

of breast carcinomas (90). Overexpression of c-myc in transgenic mice

results in mammary tumors (97), and amplification of c-myc has been

associated with high grade tumors in humans (98). Of additional interest,

c-myc expression is modulated by the presence of estrogen in

estrogen-responsive cell lines, and constitutively high c-myc expression

is observed in hormone-dependent lines, probably because of increased

stability of the transcript (99).

Region 11q13 (cyclin D)

Chromosome region 11q13 has also been reported to be amplified in

15-20% of breast cancers and is associated with poor prognosis (100).

The cyclin D1 gene, located in this region, is thought to be the target of

such amplification. Cyclin D1 is overexpressed in 45% of breast

carcinomas, most of which are both estrogen and progesterone receptor

positive (101,102). Studies show that transgenic mice homozygous null

for cyclin D1 fail to undergo proliferative changes of the mammary

epithelium associated with pregnancy, thereby indicating a role for cyclin

D1 in steroid-induced proliferation of the mammary epithelium (103).

Transgenic mice overexpressed cyclin D1 have been shown to develop

mammary carcinomas (104). Analysis of cyclin D1 expression by mRNA in

situ hybridization has shown a dramatic increase of cyclin D1 expression
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in 76% of low grade carcinoma in situ, further suggesting a role for cyclin

D1 in the tumorigenesis of the breast (105).

Mapped within this same region is the int-2 gene. Transgenic mice

strains containing the int-2 transgene develop multifocal preneoplastic

hyperplasia of the mammary gland which can give rise to focal mammary

tumors (106). The possibility that an additional gene responsible for

breast tumorigenesis within this amplified region is int-2 is

controversial since corresponding increases in mRNA and protein levels

for int-2 rarely correspond to amplification status. Thus, the possibility

remains that a yet unknown gene located close to int-2 might have a

biological effect, whether int-2 itself is merely co-amplified remains to

be seen.

Region 20q13 (AIB1)

The gene (AIBI1), amplified in breast cancer, was very recently

identified as a leading candidate for the amplification of region 20q13

(region described to be amplified in 15-30% of cases) (107). AIB1 was

found amplified in all estrogen receptor positive cell lines and it has been

identified as a nuclear steroid receptor coactivator (107). AIB1

amplification may contribute to the development of steroid-dependent

breast cancers by interacting with the estrogen receptor to enhance the

effects of estrogen on tumor cells.
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Tumor Suppressors and Loss of Heterozygosity

Knudson, on the basis of statistical analysis of clinical

observations, was the first to suggest that retinoblastoma was a cancer

caused by two mutational events (108). In the hereditary form of

retinoblastoma one mutation is germinal; thus only a single additional

somatic mutation is required. This resulted in early onset and a tendency

toward bilateral tumorigenesis. In the sporadic form, both mutations are

somatic, resulting in a tendency toward unilaterally and late onset. It

was later suggested that these two mutational events could occur within

separate alleles of a regulatory gene (109). Supporting this, cytogenetic

analysis of retinoblastoma revealed characteristic deletions of the long

arm of chromosome 13. Subsequent analysis of the same chromosome

region led to the cloning of RB1 and identification of aberrant transcripts

encoded from the remaining allele (110). As a consequence of these

studies, a precedent emerged where inactivation of one allele of a tumor

suppressor is accomplished by mutation, leading to the eventual deletion

of the remaining normal allele through chromosomal aberrations and thus

loss of heterozygosity (LOH) is thereby observed in the suppressor locus.

This precedent is now considered the convention for tumor suppressor

gene inactivation and similar observations have been made for several

other putative tumor suppressor genes (e.g., APC, DCC, VHL, TP53;

reviewed by (111). Therefore, LOH is considered indirect evidence for the

existence of a suppressor gene within the affected chromosomal region.
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Breast Cancer Allelotype

The chromosomal mechanisms by which loss of heterozygosity

occurs tend to involve large segments of DNA, thus it is possible to utilize

adjacent genes or known noncoding sequences as markers to identify

deleted regions harboring putative suppressor genes whose loss may be

important in the genesis or progression of a tumor. One such genetic

marker is the naturally occurring simple sequence length polymorphisms

(SSLPs). SSLPs consist mainly of dinucleotide repeats, primarily (CA)n,

which are repeated in tandem at variable number interspersed throughout

the genome (112). These polymorphic microsatellites have a mean

heterozygosity of 70% and recent mapping efforts reported an average

spacing of 199 Kb (113). Through known linkage maps and comparison to

physical maps, it is possible to select highly polymorphic microsatellites

at any position within the genome. Further, through PCR amplification of

these microsatellites and comparison with normal DNA from the same

patient, it is possible to generate a comprehensive map of allelic

imbalances and losses (allelotype) occurring in a neoplasm.

Numerous studies have analyzed the breast cancer allelotype, and

numerous regions of allelic imbalance have been described using

microsatellites as well as the older restriction fragment length

polymorphism analysis. Deville and Cornelisse, reviewed data from more

than 30 studies revealing a consensus of imbalances affecting 12

chromosome arms at a frequency of more than 25% (Table 1). Chromosome

arms lp, lq, 3p, 6q, 8p, 11p, 13q, 17q, 18q, and 22q were affected at a

frequency of 25-40%, whereas chromosome arms 16q and 17p were

affected in more than 50% of tumors (68). In addition, chromosome arm
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9p, has recently been reported to be affected by allelic imbalances and

losses in numerous breast carcinomas (114). In general, the loss of

genetic material in many of these regions has been corroborated by either

CGH or classic cytogenetic data (68,115). Some of these regions are

known to harbor tumor suppressive genes whose loss has been

demonstrated through a variety of techniques, including Southern blot

analysis and FISH using gene-specific single-copy probes (111).

Although there is overwhelming evidence that these genetic losses

occur, inherent difficulties exist in determining the relevance of such

losses to breast carcinogenesis. In most cases, the tumors analyzed were

of the invasive type and/or advanced stages of progression, leading to the

question of whether these losses are causative factors of tumorigenesis

or consequences of the general genomic instability inherent to tumors. It

is possible that certain losses may be selected for in the progression or

clonal evolution of a tumor to a more advanced type but not strictly

necessary for the genesis of the tumor. Some of these questions could be

addressed in part through comparative allelotyping of both noninvasive

and invasive tumors.

The relative timing and frequency of allelic losses of commonly

affected regions in breast cancer was estimated by comparing the

allelotype of preinvasive ductal carcinomas (DCIS) and invasive

carcinomas (81). The allelotypic analysis of DCIS samples revealed that

chromosomal regions 3p, 3q, 6p, 11p, 16p, 18p, 18q, and 22q were not

affected by a high frequency of loss, on the other hand analyses of these

same regions of invasive tumors showed them to be affected in 10-40% of

cases (81) (Table 1). These findings are in agreement with those of

Radford et. al. who examined 61 DCIS samples (116). Since allelic losses
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affecting these regions were not frequently observed at the noninvasive

(DCIS) stage it can be concluded that alterations of these regions are late

events in breast cancer progression. More importantly, allelic imbalances

observed on chromosome arms 7p, 7q, 16q, 17p, and 17q (81), as well as

9p as reported by others (117), appear to be early abnormalities because

they occur frequently in DCIS (Table 1).

Targets of Allelic Loss

Chromosome Region 17p13

The short arm of chromosome 17, is subject to allelic loss in more

than 50% of invasive ductal carcinomas, and approximately 30% of

noninvasive ductal carcinomas (81,116,118). This high frequency of

allelic loss suggested that a tumor suppressor of relevance to breast

tumorigenesis resides in this region. Indeed, tumor suppressor p53 maps

to chromosome band 17p13 and is known to harbor somatic mutation in

25-45% of primary breast carcinomas (49). Recently p53 mutations were

identified in mammary ductal carcinoma in situ but not in epithelial

hyperplasia (119). It has been suggested that p53 mutation analysis may

serve as a marker for identifying preinvasive lesions at increased risk of

developing invasive carcinoma.

We have already discussed the relevance of germinal p53 mutations

as the cancer predisposing alteration in the Li-Fraumeni syndrome

(47,48). In tumors from patients with Li-Fraumeni syndrome, loss of the

wild-type allele is observed in conjunction with retention of the mutant

p53 allele. Functional studies of cells with mutant p53 indicate a change
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of phenotypes, including cellular immortalization, loss of growth

suppression, and fourfold increase in protein half-life which leads to p53

accumulation. Accumulation of p53 protein, observed by

immunohistochemical analysis in roughly 30-50% of sporadic breast

carcinomas, was proposed to be an indicator of higher risk of recurrence

in patients with tumors positive for p53 expression (reviewed by (120).

It appears that p53 inactivation through mutation and LOH is intrinsically

linked to the development of subsequent further genomic instability as

suggested by in vitro findings, as discussed in a separate chapter, and as

demonstrated in experimental models of mammary cancer (121).

Although p53 is most likely the driving force for allelic loss on

17p, some reports indicate that there may exist another distinct locus

that may be a target of allelic loss. In an analysis of 141 breast tumors,

Cornelis et al. observed a strong association between p53 mutation and

allelic loss of the p53 locus (122). However, in cases where p53 mutation

was not observed, allelic loss of distal region 17p13.3 was always

observed, sometimes without p53 allele loss. Similar findings of distal

deletion of 17p were also observed in DOIS (116). While these findings

support the existence of a second gene as target of allelic loss, further

studies are needed to address this issue.

Chromosome Region 1 7q2 1-22

The long arm of chromosome 17, also frequently affected by allelic

imbalance in both familial and sporadic breast cancers, has recently been

subjected to extensive analysis because 17q has been linked to familial

breast cancer (123). As a result, the BRCA 1 gene was isolated by
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positional cloning as discussed in preceding sections (29). However, when

sporadic breast tumors with allelic loss of 17q were examined for BRCA 1

coding sequence alterations, only about 10% of those with LOH revealed

any change of sequence, and those mutations were found to be germinal

(124).

Another known putative suppressor gene localized in this region,

nm23 or NME1, has been shown to undergo allelic loss in as much as 60%

of breast carcinomas (125). However, analysis of NME1 has not revealed

evidence of mutations (126). An additional possible explanation for allele

loss in 17q is the existence of a yet-unidentified gene within this region

as the target for LOH (122).

Chromosome Region 13q14

Loss of the RB1 region 13q14 has been reported for numerous

neoplasms including small cell lung carcinoma, bladder carcinoma,

osteosarcoma, and breast carcinoma (reviewed by (111). These losses

appear to be relatively early losses in some tumors since 15-20% of

tumors at the DOIS stage reveal allelic loss of 13q (81,116). However,

when allelic loss and expression are examined in the same breast tumors,

no correlation between the two is observed, suggesting that Rb

inactivation is not acquired by allelic loss and that another gene may be

the target of such inactivation (127). As discussed in a previous section,

a second breast cancer susceptibility gene, BRCA2, was mapped to

chromosome 13q12-13 (43). This suggested that the BRCA2 gene may be

involved in sporadic breast cancer as well. However, similar to the

findings with BRCA1 on 17q, when sporadic breast tumors were analyzed
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for mutation of BRCA2, mutations were infrequent, indicating that BRCA2

is not the gene being targeted by loss (128-130). Brush-1 is another gene

that has been mapped to 13q12-13, proximal to RB1. Analysis of Brush-1

expression showed it to be low to absent in 6 of 13 breast cancer lines

and decreased in four of four tumors showing LOH of 13q12-13 (131).

However, no sequence analysis has yet been reported, and the question of

whether decreased expression of Brush-1 results from allelic loss

involving large regions of another gene has yet to be addressed.

Chromosome Region 16q

Chromosome 16q has been suggested as a site for the occurrence of

primary cytogenetic structural abnormalities in the development of breast

cancer (70,71). In particular the long arm of chromosome 16 was shown

to systematically participate in nonrandom translocations with

chromosome 1. Breast cancer allelotypic studies have also shown the

common occurrence of allelic losses affecting the long arm of

chromosome 16 (132-134). Several studies have reported the occurrence

of frequent allelic losses affecting chromosome 16q in DCIS (81,116,133).

It has been suggested that more than one putative tumor suppressor

resides in the chromosome region 16q. At least two regions of

chromosome 16q have consistently been reported to show LOH: 16q21 and

16q24.2-qter (132-134). In most recent studies, high-resolution

allelotyping of chromosome 16 in DCIS lesions have identified three

distinct regions with a very high incidence (about 70% or more) of allelic

losses (41). Two of the three regions agree with previously described

areas: 16q21 at locus D16S400 and 16q24.2 at locus D16S402 (41).
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However, the region with the highest incidence of LOH observed, lies

within 16q23.3-q24.1 close to marker D16S518 (41).

E-cadherin (CDH1), a cell adhesion molecule implicated as an

invasion suppressor protein, is one possible candidate target of the LOH at

chromosome 16q21. Interestingly, this gene was demonstrated to be

mutated at a high frequency in invasive lobular carcinomas of the breast.

The lack of E-cadherin expression is believed to be the cause behind the

infiltrative growth pattern characteristic of lobular carcinomas (135).

However, the more common, invasive ductal carcinomas do not show high

incidence of E-cadherin mutations. In addition to mutation E-cadherin

may be inactivated by CpG methylation within the gene's promoter region

(136,137). Expression of a second cadherin gene, H-cadherin, map to

region 16q24 (138) was reported to be absent or reduced in several breast

cancer cell lines. Further studies are necessary to identify additional

possible targets for the common allelic losses observed to affect this

autosome in breast cancer.

Chromosomal Region 9p

Chromosomal region 9p21, as previously discussed, has been shown to be

affected by allelic loss or imbalance in more than 58% of invasive ductal

carcinomas and 30% of DCIS, suggesting it may be involved in breast

tumorigenesis (114,117). Previously, the p16 tumor suppressor gene was

identified within this region by positional cloning and shown to be

affected by homozygous deletions in 60% of breast carcinoma lines (139).

However, when primary breast tumors were analyzed for mutation of the

CDKN2 coding region, few mutations were found (114). More recent
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analysis, including FISH determination of gene copy number, methylation

of the 5' region, and analysis of expression, indicate that p16 appears to

be a target of abnormalities in approximately 40% of breast tumors (140).

These observations substantiate a role for p16 inactivation in the

tumorigenesis of the breast and as a target of 9p allelic loss.

Interestingly, however some breast tumors show overexpression of p16

indicating that involvement of this gene as well as that of p1 4 ARF

(homolog of mouse p19ARF), encoded at the same locus in an alternative

reading frame is more complex than previously thought, as will be

discussed in the following section.

CELL CYCLE IN BREAST CANCER

Cell replication in eukaryotes proceeds through an orderly cascade

of events manifested as the cell cycle. The machinery responsible for

such progress includes a hierarchy of proteins and complexes each

exerting an effect on the next. At the top of this hierarchy are the cyclin

subunits, whose expression and stability oscillate in a phase-dependent

manner. The expression of certain cyclin genes can be upregulated by

different mitogenic stimuli, for example, the upregulation of cyclin D1 by

estrogen (141). Each of these cyclins can associate in a specific manner

with corresponding cyclin-dependent kinases (CDKs). Cyclins are in

competition with CDK inhibitors, which have the ability to displace the

cyclin and form an inactive complex with the CDKs. When CDKs are active,

they phosphorylate, and hence inactivate, other proteins with

transcription-repressing activity (Reviewed by Sherr, 1996) (Figure 5).
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Of the restriction points, G1 to S is best characterized in breast

cancer. Key players in early G1 and after the passage of cells from GO to

G1, include cyclins D1-D3, CDKs 4 and 6, the specific inhibitors of these

CDKs, p15, p16, p18 and p19 and the substrates of CDKs, Rb and Rb-like

proteins. Later in G1 and fueled by E2F1 transcriptional activation, cyclin

E and its partner CDK2, become important players in the G1-S transition.

Collectively, these proteins are known elements responsible for

regulating progression trough G1 and as a consequence loss of function or

abnormalities in the expression of an individual protein can lead to cell

cycle dysregulation and altered cell proliferation.

An additional family of CDK inhibitory proteins also exists which

includes, p21ciP1, p27kipl and p57kip2. Of the proteins mentioned, the Rb

protein, cyclin D1, cyclin E, p16 and p27 have all been observed to be

affected in breast carcinogenesis. As previously mentioned, cyclin D1 has

been shown to be both amplified in 10-20% of breast tumors and

overexpressed in the majority of breast tumors (101,102,105). Cyclin D1

competes with p16 for heterodimerization with the CDKs. When cyclin D1

is more abundant than p16, it binds to and activates CDK4 and CDK6

(Figure 5). Recently cyclin D1 mRNA and estrogen receptor expression

were found to be positively correlated in primary breast cancer (144).

There is no conclusive evidence however demonstrating that estrogen

receptor directly up regulates cyclin D1 transcription.

Recent studies have suggested that overexpression of cyclin E,

which is often found in breast tumors, is functionally redundant to cyclin

D (145). In cells overexpressing both cyclin E and p16, cyclin E can

functionally replace cyclin D providing tumor cells with a growth

advantage (145). They do this by activating CDK's which in turn
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phosphorylate Rb, releasing E2F and initiating gene transcription, leading

to cell cycle progression and a self-perpetuating positive regulatory loop

(Figure 5). Interestingly, it was recently reported a bad prognosis and

very high mortality rate in women with breast cancers showing high

cyclin E expression concomitant with low expression of the CDK inhibitor

p27kipl (146).

Inactivation of Rb itself has been described in breast cancer as a

means of enhancing cell cycle progression. Although, when multiple

modes of inactivation are accounted for, Rb is inactivated in less then

20% of breast cancers (127,147). In the vast majority of tumor lines

there is an inverse relationship between Rb and p16 expression (148,149).

(i.e., breast tumor cell lines which retain Rb expression have no

expression of p16. Whereas, cell lines retaining p16 expression often lack

expression of Rb.) When primary breast tumors were analyzed for p16

expression, approximately 50% showed loss or reduced expression (140).

This loss of expression may be due to homozygous deletion, methylation or

in rare instances mutations (140).

The CDK inhibitor p21 CIP1 as indicated, is a universal inhibitor of

CDKs, inducing cell cycle arrest at both the G1/S and G2/M restriction

points (150). Inhibition of DNA replication occurs when p21 complexes

with the proliferating cell nuclear antigen, PCNA (151). Because p21 gene

transcription is regulated by p53, it has been suggested that p53-

dependent cell cycle arrest is mediated by p21. Indeed, p21 nullizygous

mice fibroblasts fail to undergo G1 arrest when p53 is activated

following DNA damage, although apoptosis is unaffected and occurs when

p53 is activated in these same cells (152).
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As previously mentioned, positive detection of the p53 protein

accumulation has been shown to be associated with p53 mutations and a

higher risk of breast cancer recurrence (reviewed by Ozbun and Butel,

1995). Therefore, p53 inactivation appears to be a critical event in the

tumorigenesis of the breast. This also suggests that an additional

consequence of p53 inactivation would be abrogation of cell cycle arrest

through loss of transcriptional activation of p21.

Interestingly, very recently it was demonstrated an important

regulatory link between both the P53 and Rb pathways. At the center of

this link is the recently described p14ARF (previously called p19ARF

because of the mouse homolog). As mentioned in a preceding section, this

gene is encoded at the INK4a locus in chromosome 9p21, as an alternative

reading frame of the cyclin dependent kinase inhibitor pl6ink4a. It was

demonstrated that the putative tumor suppressor ARF gene physically

interacts with MDM2 and as a consequence basically blocks MDM2-induced

p53 degradation and transcriptional inactivation (153,154). Thus, this

interaction leads to increase p53 stability and accumulation (Figure 5).

Further strengthening the connection between the p53 and Rb pathways, it

was very recently reported that ARF is transcriptionally upregulated by

E2F1 (155). This allowed to speculate that perhaps abnormal cell

proliferation, which results in E2F1 increase (Figure 5), in turn would

result in increase of ARF which would lead to cell arrest or apoptosis via

p53. This would not happen if an additional abnormality takes place such

as p53 mutation or ARF inactivation (155). In studies from our laboratory

we have demonstrated that both ARF and p16 expression levels are highly

variable in breast cancer (140). We observed subsets of tumors that lack

expression of both genes (p16 and ARF) due to common inactivation events
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such as homozygous deletion. On the other hand we have also observed

numerous tumors that dramatically overexpressed ARF. We are currently

addressing the p53 status in the same tumors.

APOPTOSIS AND BREAST CANCER

Closely linked to the deregulation of the cell cycle are the

molecular pathways leading to programmed cell death (i.e. apoptosis).

When DNA is altered during replication, control checkpoints stop the

mitotic cycle in order to repair the damage. If the DNA cannot be repaired,

apoptosis is induced. At first much of cancer research focused on

uncontrolled cell proliferation, now researchers are aware of the

important role cell death has in maintaining homeostasis.

Much remains to be done in terms of understanding the sequence of

events that occur during apoptosis, which of them are essential of the

process and their role in carcinogenesis. As already mentioned, p53 plays

an important role in directing cells into apoptosis when DNA damage

occurs. Other key players include the family of Bcl proteins and ICE

(interleukin 113 converting enzyme).

BcL2 is a potent repressor of apoptosis conferring survival

advantage to cells expressing it. On the other hand, Bax, another Bcl2

family member, is capable of countering the death repressor activity of

Bcl2. Bax has been found to exist as a homodimer and is also capable of

forming heterodimers with Bcl2 in vivo (156). Therefore the ratio of Bax

to Bcl2 in a given cell may dictate whether the cell survives upon

receiving apoptotic stimuli. This type of homeostatic control by the ratio

of homo and heterodymers can be expanded to include several members of
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the Bcl2 family. Some Bcl2 members acts as promoters of apoptosis (i.e.

Bax) while other members inhibit apoptosis (i.e. Bcl2). Although not a

member of the Bc12 family, cMyc has been shown to cooperate with Bcl2

to achieve inmortalization of tumor cells (92). Bcl2 protein expression is

highly variable in breast cancer and it was suggested that high expression

associated with favorable clinicopathological features (157,158).

Recently a study analyzed Bcl2, Bax, Bcl-x and Bak expression and loss of

apoptosis in small, non-metastatic breast carcinomas (159). Bcl-2

expression but not Bclx expression was associated with loss of apoptosis.

Expression of Bax and Bak was found significantly associated with

increased apoptosis in the breast carcinomas. These large gene families

form complex set of interactions which may balance the scale either

towards or away from apoptosis. It is still premature however to

determine whether alterations in pathways of apoptosis play a relevant

role in breast carcinogenesis.

ESTROGEN AND BREAST CANCER

The role of estrogen as an important factor in the etiology and

progression of human breast cancer has been well documented. It was

already observed 100 years ago that ovariectomy could lead to breast

cancer regression in premenopausal patients (160). The extent of

exposure to ovulatory cycles is one of the most important endogenous

causes associated with a higher risk for development of sporadic breast

cancer (4). However, while the association of estrogen in the development

of breast cancer is well established, the fundamental mechanism(s) by
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which this hormone modulates cell growth and tumor development are not

yet clear.

It is known from in vitro and in vivo studies that estrogen's

mechanism of action is via its ability to bind the estrogen receptor (ER)

which in turn binds specific enhancer regions on the DNA and regulates

gene transcription (161). The interaction of estrogen with its receptor

and the recruitment of accessory cofactor proteins to bind DNA and

activate gene transcription has been the focus of intense recent research

(162). However we understand very little downstream from these events.

Important questions still remain such as; What are the main gene targets

upon which estrogen acts to exert a growth response? What is the

chronology of such events?

Estrogen has been shown to increase the pool of cells synthesizing

DNA by recruiting non-cycling cells into the cell cycle and by reducing the

length of the G1 phase (163). The ability of estrogen to regulate the

transcription of c-Myc and c-Fos is believed to be, in part, responsible for

estrogen's stimulatory effects on the cell cycle (164). Entry into S phase

was found to be preceded by increased activity of both Cdk4 and cyclin E-

Cdk2 and hyperphosphorylation of pRB, all within the first 3-6 hours of

estradiol treatment (165). The increase in Cdk4 activity was accompanied

by increases in cyclin D1 mRNA and protein, indicating that an initiating

event in the activation of Cdk4 was increased cyclin D1 gene expression.

In addition to cyclin Dl's ability to activate cdk4, cyclin D1 has recently

been shown to directly enhance transcription of estrogen receptor related

genes (166). Cyclin D1 does this without binding cdk4 and in the absence

of estrogen, thereby identifying an additional role for cyclin D1 in

promoting cell growth.
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However the effects of estrogen on cyclin D1 expression may not be

a direct effect of the estrogen receptor on the cyclin D1 gene promoter.

The ability of protein synthesis inhibitors to abolish cyclin D mRNA

induction by estrogen, suggests intermediary proteins could be involved

(165). Clearly our understanding of how estrogen exerts its effects on

breast tissue requires further analysis.

NEW TECHNOLOGIES AND FUTURE DIRECTIONS

It is estimated that within the next few years we will have

compiled gene sequence information for the entire human genome.

However if we are to use the tremendous amount of information gained to

improve the treatment of breast cancer patients, it is imperative that we

bridge the gap between genes and their relationship to a particular

physiopathological outcome. To date the majority of molecular biology

research has focused on abnormalities of the genome such as mutation,

gene amplification and loss of heterozygosity as discussed in preceding

sections. Identifying defects in the genome associated with breast cancer

is the first level of genomic complexity. The next level of complexity is

characterizing the changes in gene expression as a cell progresses from

normal to malignant.

Present day advances in gene expression technology are allowing

researchers to study this next level of genomic complexity by defining

global changes is gene expression. Technologies such as SAGE (Serial

Analysis of Gene Expression) and Microarray technologies are at the

cutting edge of cancer research. Ultimately, the ability to understand the

detailed mechanisms of tumor progression, from the very early stages of
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carcinogenesis through metastasis will allow researchers to identify key

components and interactions of the malignant pathway. Recently, the

feasibility of SAGE was demonstrated by analyzing more than 300,000

transcripts derived from at least 45,000 different genes in both normal

and neoplastic cells (167).

The knowledge found by defining global and specific alterations in

the transcription of premalignant and malignant cells, would allow

researchers to concentrate on gene targets that will better serve as

diagnostic and prognostic tools. Ultimately it would be ideal to achieve a

very precise matching of treatment to individual tumors profiles. A

logical additional consequence will be the designing of more rationale

therapeutic approaches.
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